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J (54) Title: DISPERSING AGENTS IN NANOCOMPOSITES 



Q (57) Abstract: The instant invention discloses a compQsition, preferably a nanocomposite material, comprising (a) a synthetic poly- 
i^L mer, (b) a filler such as for example a natural or synthetic phyllosilicate or a mixture of such phyllosilicates, preferably in nanoiwr- 
tides, and (c) a dispersing agent prepared by controlled free radical polymerization (CFRP). 
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Disperslng agents fn nanocomposites 

The present invenUon relates to a composition, preferably a nanocomposite material, 
oompri^ng (a) a synthetic polymer, e^eclally a polyolefin, (b) a filler, especially a natural or 
^Oietio phylloslllcafs or a mixture of such ph^loslllcates, pref^ably In nanoparttoles, and 
(c) a dispersing agent prepared by controlled free radical polymerizalion (CFRP), The 
present invention relates also to a process for tiie preparation of a synihstte polymer 
nanocomposite material wfilch comprises m^t mixing a mixture of a) a eynfhetlo polymer, b) 
a filer, and o) a dispersing agent prepared by contratled free radical polymerization and to 
tiie use of fhB latter fo Intercalate and exfoliate a filler and disperse the filler In a syntiietlc 
polymer matrix to form a nanocomposite material. 

Tiia addition of (iliers to organto materials, especialiy poSymets, is (tnown and is described 
for example in Hans Zweifel (editor), Plastics Additives Handboo!?, 5tli Edition, pages 901- 
948, Hanser Publishers, IVIunich 2001. The use of fillers in polymers lias ttie advantage tiiat 
it Is possible to bring about Improvement In, for example, the mechanical pr(^rtles, 
especially the density, hardne», rigidity (modulus) or reduced shrinkage of the polymer. 

Using extremely small filler particles (with one dimension ■< 200 nm), so-called nano-scale 
fitlera, mechanical properties, heal distortion temperature stability or flame retardant 
property of the pdymers can be improved with a much lower concentration, typically 2 to 10 
% by weight compared io 20 to 50 % by weight with the normal micro-scate filler partides. 
Poiymers containing nano-scalo fillers combine favourable mechanical properties like 
strength, modulus and impad, and show bnproved surface qualities like gloss, lower tool 
wear during proossslng and better conditions for recycling. Coatings and films comprising 
nano-scale fillers show Improved stabHity, fl«ne retardance, gas ban-Ier properties and 
soafch resistance. 

Nano-scale fliiers possess an extremely large surface area with high surface energy. The 
deactivation of the surface energy and the compatibillzatlon of the nano-scale fillers with a 
polymenc substrate Is, therefcHB, even more Important than with a common micro-scale filler 
In (Hder to avoid aggregation during processing or conversion of the filled polymer sm4 to 
reach an excellent dispersion of the nano-scaled filler in the final article. 
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There Is a substantial recent literature on organlc-lnoiganlc nanocompositaa Irased on days 
or layered silicates such as montmorilonlte and synthetic polymers, Poiyolefln nanocompo- 
slles have bsen prepared ftom oiganic modified days. The clays used are generally 
modtHed with alkyl or dlalkyl ammonium Ions or amines or In a few cases other onlum ions, 
like for example phosphonium ions. The ammonium lon/amlne additives are usually 
Incorporated Into the day structure by a separate solution Intercalation step. 

These conventional oi^anio modified clays have a number of disadvantages when used for 
the preparaUon of polyolefbi nanocomposltes. Ammonium salts are thermalty unstable at 
temperatures used In polyolefin processing or may be otherwise reactive under processing 
conditions. These instablllBss resist in poor processing stability. Inferior mechanical proper- 
ties, discoloration, odor formation and reduced long-term stability In addltton tothe IbrmatJon 
of volatile by-products. 

In order to improve the poiyolefln nanocomposlta formation by melt processing the use of an 
additional compaUbllizer has been proposed, most often a malelo anhydride grafted polypro- 
pylane, which In working examples Is present as a major component of the final product. 

M, Kawasumi et ai.. Macromolecules 1997. 30. 6333 - 6338 or U.S. 5.973.053 disclose that 
a polypropylene nanocomposlte Is (Atained when a day. premodlfled wfth octadecylammo- 
nium salts. Is compounded with pofypiopylene In the presence of poiyolefln oligomers conta- 
ining polar functionality, for example maleio anhydride grafted polypropylene. 

Although compatiblllzeis can improve the stability of nanocomposites mainly with regard to 
avoiding agglomeration of the filler, the other weaknesses of the nanocomposites are not 
Improved. 

It has now been found that improved synttietcc polymer materials with better long term ther- 
mostability and with reduced odor and reduced undesired discoloration which occurs as a 
result of the decomposition of the modificaUon agents, can be prepared by the use of a dis- 
persing agent prepared by controlled free radical potymerization. 
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The present Invention therefore provWes a composttfon cpmprfeing 

a) a synUietlo polymer, 

b) 8 filler, and 

c} a dispersing agent prepared by oontrollsd fires radical polymerfzatlon (CFRP). 
Preferably, component (b) Is a filter in nanopaitlcles. 

Of interest are also oomposlHons comprising as component (b) a filler In nanopartldes or a 
material which produces a filler In nanopsrUdes under processing conditions. 

Component (o) Is suifaWs for Intercalating and exfoliating a f Bier and dispersing the flHer In a 
synHietIc polymer matrix, eapedaliy a themjoplasttc polymer, to form a nanocompostfe 

material. 

Examples of such synthetic polymers are: - 

1. Polymers of monoolefins and diol^ne, for example polypropylene, polylsobutylene, po- 
ly{but-1-6ne), po!y(4-niethyipenf-1-ene), poly{vInylcydohexane), polylsoprene or pofybuta- 
dlene, as well as polymers of cycloolaflns, for instance of cydopenlene or norbornene, poly- 
ethylene (which opUonally can be crossilnlted). for example high density polyethylene 
(HDPE), high density and high moiecajiar weight polyethylene (HDPE-HMW), high density 
and ifllrahigh molecular weight polyethylene (HDPE-UHMW). medium density polyethylene 
(MDPE), low density polyefliylene (LDPE), linear tow den^ty polyethylene (LLDPE), 
(VLDPE) and (ULDPE). 

Polyoleflns, l.e. the polymers of monoolefins exemplified in the preceding paragraph, prefe- 
rably polyeth^ene and polypropytene, can be prepared by different, and espedally by ttie 

following, methods; 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) calalytio polymerisation using a catalyst that normally contains one or more than 
one metal of groups IVb, Vb, VIb or Vli! of the Periodic Table. These metals usually 
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have one or more than one llgand, typically oxides, halides, alcoholates, estera, 
sthers, amines, aikyls, alkenyls and/or aiyls that may be eKher jp or c-oooidinalfid. 
These metal complBxes may be tn ttie free form or fixed oo substrates, typically on 
ac^vated magnesium chloride, tHanlum(lll) chloride, alumina or silicon mtlde. These 
catelysfs may be soluble or Insoluble in the polymerisation medium. The catalysts 
can be used by Uiemselves in the polymerisation or further adlvators may be used, 
typically metal aikyls, metal hydrides, metal alkj^ halides, metal alkyi oxides or me- 
tal all^^oxanes, said metals being elements of gfoups la, Ha and/or Ilia of the Pe- 
rlodio Table. The activators may be modified conveniently with further ester, ether, 
amine or silyl ether groups. These catalyst systems are usually tamiBd Phillips, 
Standard Oil Indiana, Ziegler (-Natta), TNZ (DuPont), metallocene or single site 
catalysts (SSC). 

2. Mixtures of the polymers mentioned under 1), for example mixtures of polypropylene with 
poiylsobutylene, polypropylene with polyethylene (for example PP/HDPE, PP/LDPE) and 
mixtures of different types of pcHyeth^ene (for example LDPE/HDPE). 

3, Copolymere of monooleflns and dioleflns with each other or with oHier vlnyt monomers, 
for example ethylene/propylene copolymers, linear low density polyethylene (LLDPE) and 
mixtures thereof with low density polyethylene (LDPE), propylene/but-l-ene copolymers, 
propylene/isobutylene copolymers, ethylene/but-l-ena copolymers, ethylene/hexene copo- 
tymera, ethylene/mefhylpentene copolymers, ethytene/heptsn© copolymers, ethylene/octene 
copolymers, ethyteneMnytoycIohexane copolymers, elhylene/cyototrfefin copolymers {e.g. 
ethylene/norbornene like COC). ethylene/1 -olefins copolymers, vrtiere the 1 -olefin fs gene- 
rated In-situ; propylene/bufadione copoiymers, Isobutylene/isoprene copolymers, 
ethylene/vlnylcyoiohexene copolymers, ethylene/alkyl acnrtate copolymers, ethylene/alkyt 
methacrylate copolymers, ethirtane/Vtnyl acetate copolymers or ethytene/acrylic acid 
copolymers and their s^ts (lonomers) as well as ferpolymers of ethylene with propylene and 
a diene «ich as hexadiene, dicydopentadiene or ethyltdene-norbomene; and mixtures of 
such copolymers with one another and with polyma^ mentioned In 1) above, for example 
polypropylene/ethylene-propylene copolymers, LDPE/ethyiene-vinyl acetate copolymers 
(EVA), LDPE/athylene-acrylic acid copolymers (EAA), LLDPE/EVA, LLDPEOA and 
alternating or random polyallqrtene/carbon monoxide copolymers and mixtures Uiereof wrtth 
other polymers, for example polyamldes. 
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4. Hydrocarbon resins {for example Ce^e) irtducJIng hydrogenated modlflcaflona thereof 
(e.g. iaoklflers) and mhdures of polyalkylenes and starch. 

Homopolymers and copolymers from 1.) - 4.) may have any stereostructure Indudlng 
syndiotadlc. isotactic, hetarotactio or atactto. Stereoblook polymers are also Induded. 

6, Polystyrene, poly(p-methylstyrene), polyCot-methirtatyrene). 

6. Aromatic homopolymers and copolymers derived from vinyl aromatic monomers including 
styrene, oj-methylstyreno, a» Isomets of vln^ toluene, especially p-vinyitoiuene, all Isomers 
of ethylsfsffene, propyistyrene, vlnyiblphenyl, >dnylnaphthalene, and vtnylanthraoene, and 
mixtures thereof. Homopolymers and copolymers may have any stereostructure indudlng 
syndtotactic, isotactici heferotactlo or alactlo; where atactio polymers are preferred. 
Stereoblock polymers ^ also Included. 

6a. CopoIymeiB IncIudlOB aforemenHoned vinyl aromaflo monomers and oomonomers 
selected from ethylene, propylene, dlenes, nltriles, acids, malelo anhydrides, malelmldes, 
vinyl acetate and vinyi chiorfde or acrylic derivatives and mi>dure8 thereof, for example 
styrBne/butadlene, s^rene/acrylonitrile, styrene/ethylene (Interpoiymers), styrene/alkyl 
meUiacryiate, styrene/bufadiene/alkjrt arayiate, styrene/butadlerie/alityl methaciylafe, 
siyrene/maleic anhydride, styiene/acrylonltrile/melhyl acrylate: mixtures of high Impact 
strength of sfyrene copolymers and another polymer, for example a polyacryfate. a diene 
polymer or an ethyiene/propylene/dlene tflrpolymsr; and bioci( oopcriymers of styrene sudi 
as fityrene/butadiene/styrene, styrone/feoprene/slyrens, styrene/ethylana/bulylene/styfBnB 
or styrene/athylene/propyiene/styrene. 

6b. Hydrogenated aramatfc polymers derived iifom hydiogenatton of polymers mentioned 
under 6.). espedally Including polycydohexyleUiytone (PCHE) prepared by hydrogenaUng 
atactio pdysfyrene, often referred to as polyvtnylcydahexane (PVCH). 

6c. Hydrogenated aromatio polymers derived from hydrogenatlon of polymers mentioned 
under 6a.). 
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Homopolymers and copolymers may have any stereostmotutB Inclmflng sjmdiotacUo, tsotao- 
tlc, hemf-iaotaclic or atactic; where atactic polymers are preferred. Sf^feoblock polymers are 
also Included. 

7. Graft copolymers of vinyl aromatic monomers sudi as styrene or a-methylsfyrene, for 
example styrene on polybutadlene, styrens on polybutedtene-styrene or polybufadlene-aay 
lonltrile copolymers; styrene and acrylonttrlle (or methacfiftonKrlle) on polybutadlene; 
siyrene, acrylonitrile and methyl melhacrylate on polybutadlene; styrene and malelo 
anhydride on polybutadlene; styrene. aoylonitrile and maleic anhydride or maleimlde on 
poiybutadiena; styrene and malelmlda on polj^utadlene; styrene and alkyl acrylates or 
methacrylates on polybutadlene; styrena and acrylonitrile on ethylena/propytane/dlene 
terpoiymers; styrene and aciylonifrite on poly{alkyl aciylatas) or poIy(aIM methacrylates), 
styrene and acrylonitrile on aorylale/butadiene copolymers, as well aa mixtures thereof with 
the copolymers listed under 6), for example ttie copolymer mlxfures known as ABS, MBS, 
ASA or AES polymers. 

8. Halogen-oonfalning polymers such as polychtoroprane, chlorinated nibbers, chlorinated 
and bromlnated copolymer of isobutylane-isoprene (halobutyl wbber). chlorinated or sulfb- 
chlorinated polyethylene, copolymere of ethylene and chlorinated ethylene, eplchlorohydrin 
homo- and copolymers, especially polymers of halogen-containing viny! compounds, for 
example poly(vInyl chloride), poly(vinyIldene chloride), poly{vhyl fluoride). poly(vInyllden9 
fluoride), as well as copolymers thereof such as vinyl chloride/vinyltdena chlortde. vinyl chlo- 
ride/vinyl acetate or vinylldene chlorldeArtnyl acetate copdymars. 

9. Polymers derived from (x,p-unsaturated acids and derivatives thereof such as polyaay- 
lates and polymethacrylates; polymelhyl methacrylates, polyacrylamides and polyaoyloni- 
frlles, which can ba Impact-modified with butyl aorjrfale. 

10. Copolymers of the monomers mentioned under 8) with each other or with oflier unsatu- 
rated monomers, for example actyfonifrite/ butadiene copolymers, acrylonilrlle/allcyl acrjdate 
copolymers, aciylonltrlle/alltoxyalkyl actylate or acrytonitrllaMnyl hallde copolymers oraay- 
lonttrile/ alkyl methactylate/butadlene terpoiymers. 
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11. Polymers derived from unsaturated alcohols and amines or the acyl derivaBves or aoe- 
tats and their hydrolysis products, for example poIy(vfnyl alcohol), poIy(vInyl aoetats), poly- 
(vinirt stearate), poly(vinyl benzoate), poly{vlnyl maleate), poIy{vfnyI butyral). poly(allyl phtha- 
late) or poly(allyl mel^Ins); as well as thetr copolymers with olefins menHoned in 1) above. 

12. Homopolymens and copolymers of cydto ethers such as poly(alky[enB gjyools), poly- 
(ethylene oxide). poly{propylen9 oxide) or cqjolymers thereof with bisglycidyi ethere. 

13. Polyacetals such as polyoxymethytene and those poiyoxymelhjrtenes which contain 
ethylene oxide as a comorvomer; polyacetaia modified with Ihermoplastlo polyurethanes, 
acryiatesorMBS. 

14. Polyphenjflene oxides and sulfides, and mixtures of polyphenyiene oxides with atyrane 
polymers or polyamldes. 

15. Polyurethanes derived fiom hydroxjrt-twmlnatod polyethers, polyesters or polybutadl- 
enes on the one hand and aliphatic or aromatio poljdsooyanatBs on tiia other, as w^l as 
precursors thereof. 

16. Potyamldea and copdyamides derived from diamines and dicarboxyllo adds and/or 
from amfnocarbojqrtic acids or the corresponding lactams, for example poiyamlde 4, 
polyamlde 6. polyatnide 6/6, 6/10. 6/9. 6/12, 4/6. 12/12. polyamide 11, polyamlde 12. 
aromatfo polyamtdes starting from m-xyiene diamine and adipio acid; poiyamldes prepared 
from hexamethylenedlamlne and Isophthalic or/and terephthailo acid and witti or wittiout an 
elastomer as modifier, for example poly-2.4,4.-trimethylhexamethyIen6 tarephthalamide or 
polynn-phenylene Isophthaiamide; and also block copolymers of the aforementioned 
poiyamldes with polyolefins. olefin copolymers, ionomers or chemically bonded or grafted 
elastomers; or with polyethers, e.g. with polyethylene glycol, polypropylene glycol or 
polylelramethylene glycol; as well as poiyamldes or oopolyamides modified with EPDM or 
ABS; and pdyamides condensed during processing {RIM polyamlde systems). 

17. Polyureas. polyimidss, polyamlde-lmldes, polyefherimids, polyesterlmlds, 
pdyhydantolns and polybenzlmldazaies. 
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18. Polyestera derived from drcarbox^te acids and diols and/or from hydroxycarboxyHo 
acids or the corresponding lactones, for example polyethylene ter^phthalate, poiybulylene 
terephlhalale, poly-1 ,4-dImefhylolcyctohexane terephthalale, polyaliqriene naphthalate 
(PAN) and polyhydfoxybenzoates, as well as block copolyether esters derived from 
hydroxyl-terminaled polyothers; and also polyesters raodifled with polycarbonates or MBS. 

19. Polycarbonates and polyester caibonates. 

20. Pol)^tones. 

21. Polysulfbnes, polyether sulfones and polyether ketones. 

22. Crossllnked polymers derived from aldehydes on the one hand and phenols, ureas and 
melamlnes on tho other hand, such as phenot/fomialdehyde resins, ureayfamialdehyde re- 
sins and melamlne/formaldehyde resins. 

23. Dr^ng and non-drying alkyd resins. 

24. Unsaturated polyester resins derived firom copolyostsrs of saUirated and unsaturated 
dicarboxylio acids with polyhydric alcohols and vinyl oompounds as crossllnking agents, and 
also halogen-containing modfflcatlons thereof of low flammablltty. 

25. Crossllnkable awytlc resins derived from substituted ac^ylates, for example epoxy acfy- 
lates, urefhane aciylafss or polyester acrylates. 

26. Alkyd resins, polyester raslns and awylale resins crossllnked with melamlne resins, 
urea resins, Esocyanates, Isoqyanurates, polytsocyanatss or epoxy resins. 

27. Crossllnked epoxy resins derived from aliphatic, oydoallphatioi heterocyclic or aromaflo 
gtycldyl compounds, e.g. products of diglyotdyl ethers of bisphenol A and bisphentrf F, which 
are crosslinted wfth customaiy h^eners such as anhydrides or amines, vrfth or without 
accelerators. 
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28. Biands of the aforementfoned polymers (poiyWends). for example PP/EPDM. Poly- 
amide/EPDM or ABS, PVC/EVA. PVC/ABS, PVC/MBS. PC/ABS. PBtP/ABS, PG/ASA, 
PC/PBT. PVC/CPE. PVC/aocylates, POM/thermoptastio PUR. PC/thermoplastic PUR. 
ROlWacrylafe, POM/MBS, PPO/HIPS, PPO/PA 6.6 and copolymers, PAftHDPE. PA/PP, 
PA/PPO, PBT/PC/ABS or PBT/PET/PC, 

The synthetic polymers to be protected are preferably thflrmoplastlc polymers, espeolally 
polyofef?ns, polystyrenes, polyamidos, polyesters, polyaoiyJates, most pfeliaral)ly polyoleflns. 
In particular polyethylene and polypropylene or copolymers thereof wKJi mono- and diolefina, 

Prefened flilere are for example natural or synttietio phyllosilteates or a mbdure of such phyl- 
losillcates. 

Of Interest are compositions wherein component (b) Is a natural or synthetic phyllosilloate or 
a mixture of such phylioslllcates wherein component (b) can be modified or unmodified by a 
modification agent such as, for example, an ammolum, an amine or a phosphonlum com- 
pound. 

Fillers of special Interest are for example layered silicate days. Of very special interest are 
compositions comprising as component (b) a montmorillonite, benlonite. beidelite, mica, 
hector'tte, saponlte, nonlronlto, sauconite. vermlculite, ledikite, magadlte, kenyalto, steven- 
slte, voKronskoIte, hydrotatolfe or a mixture thereof. 

Component (b) can be unmodified or modified by a modification agent such as, for example, 
an ammonium, an amine or a phosphonlum compound. 

Examples of modification agents for nano-days are for example: 

t. Amlna and ammnnlnm comopunds. for example, distearyldimethylammonium chloride, 
stearylbenzyldimethylammonium chloride, stean^amine, steatyldiettioxyamtne or 
aminododecanoio add [commercially available as Nanofii (RTM) from Sfldchemle. 
Germany]; dimethyl dltaltov ammonium, trioclytmethyl ammonium, 
dlpolyoxyethylene^kytmethyj ammonium or polyoxypropylenemetbyldiethyi ammonium 
{commercially available as modified Somasif (RTM) from CO-OP Chemical]; 
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ootadecylamine, triethoxysilanyf-propytamine [commercially avaflable as Nanomer (RTM) 
iiom Nanocor], polyalkojqrlated ammonium compounds such as for example ortadeoy) 
bte(poIyoxyethylBne[15Iamine [Eihomeen (RTM) firam Eaaimanl or orfadecjrf methyl 
bis(polyoxyelhytene[15!ammonlum chloride [Etoquad (RTM) from Eastman] or just the 
corresponding ftee amines. 

2. Ph»s phnniMm compounds, for example telrabutyiphosphonium or octadeoy! triphanyl 
pliosphonlum [commercially available from Eastman]. 

3. Others, for example, trlethoxy octyl sBane tcommerclally available as Nanomer (RTM) 
from Nanocor], ammonium, sulfbnium or pyrtdlum compounds as disclosed for example in 
WO-A-01/04O50 or WO-A-«9/677gO ; block graft copolymers suoh as for example PEO-b- 
PS or poly-4-vtnylpyridlne-b-PS; or solvents for swelling such as for example f- 
butyrolacfone. 2-pyrrolldons, dimethylsulfoxide, diglyme. tetrahydrofuran or furfuryl alcohol. 

Compositions which are of Interest Include those comprising as component (o) a random, 
biock, star or comb copolymer prepared by controlled free radloai polymarlzafion. 

Such dispersing agents prepared by controlled free radical polymerization are known. Their 
preparation Is disclosed for example In C. Auschra et al.. Progress in Organic Coatings 45, 
83 - 93(2002). 

The preparaHon of the dispersing agents by controlled free radical polymerization (CFRP) 
can preferally occur by four suitable routes: 

al) Polymerizafton in the presence of alkoxyamine iniUator^regulator compounds; 

a2) Polymerlzatton In flie presence of a stable nllroxyl free radical and a radical Initiator 

(source of free radicals): 
a3) Polymerization under atom transfer radical polymerization (ATRP); or 
a4) RAFT polymerization which refers to a method of polymer synBiesIs by radical poly- 

msFfzatton using chain transfer agents which react by reverelbie addition - liagmen- 

tatton chain transfer. 



wo 2004/078785 



PCT/EP2004/050183 



For example U.S. 4.5B1,429 or EP-A-0 621 878 discloses the preparaHon of block copoly- 
mers by method a1). 

For eKample EP-A-0 621 878 discloses fiie preparation of block copolymers by method a2). 

For example WO-A-01/61534 dtsdoses the preparation of comb copolymers by the ATRP 
method e3}. 

For example WO-A-99/31 144 discloses the preparation of block copdymers by method a4), 

Preferred chain transfer agents Indude thlocartjonyllhio chain transfer agents of formulae I. 
M and 111, and macramonomers of formula IV and a oombbiatlon thereof, 



S— 



(iV) 



wherein R. R' and P are free radical leaving groups; and wherein, 
R Is sheeted from the grwjp consfeUng of unsubstltuted or substituted Ci-Ci8alkyl, unsubstl- 
iuled or substituted Ca-Cisalkenyl, unsubstltuted or substituted Ca-Ciaalftynyl, unsubstltuted 
or substituted aatarated carbocycllc ring, unsubstltuted or subsfiluted unsaturated 
ciu-bocyclio ring, unsubstltuted or substituted aromatic carbocycllo ring, unsubstltuted or 
substituted saturated heterocyclic ring, unsubstltuted or substituted unsaturated heterocyclic 
ring, unsubstltuted or substituted aromatic haterocydio ring, unsubstituted or substituted 
aikylthio group, and a first polymer dialn having a number avetage d^ree of polymerization 
in the range of 5 to 1000; 

Z Is selected from the group consisting of hydrogen, chlorine, unsubstltuted or substituted 
Ci-Ciaalttyl, unsubsUtuled or substituted aiyl, unsubstltuted or substituted Cs-Cw 
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hetarocyclio ring, unsubsfHuled or subrfitufed Ci-C«alMthl0i SR. unsubstltuted or 
substMed aiyithio. unsubstituled or sgbsUUrted Ci-CiBaJkony. unsubafituted or subsfituted 
aryloxy, unsubstituled or substituted amino, unsubstiluted or subsUtuled Ci- 
CwalkoKycarbonyl. uneubsUfuted or substituted arytoxycarbonyl, carboxy, unsubstiluted or 
subatilutsd Ci-Cisacyfwty, unsubstiluted orsubsBtuted aroyloxy. unsubstiluted or substituted 
rarbamoyt, cyano, C2-Cie-diall<yt-ptiosphonato, dlaryl-phosptionato, CrCttdlalkyl- 
phosphinato, dlaryl-phosphinafo and a second polymer chain having a number average 
degree of polymerization In ttio range of 5 to 1000; 

Is an n-valent mole^ derived from R; 
2' Is an m-valent moiety derived firom a species selected from the group consisting of 
unsubstltutod or substituted Ci-Cw aliqrt. unsubstituled or aubsfiUAed atyt and a third 
polymer chain having a number average degree of polymerization in the range of 5 to 1000 
wherein the connecting molefies In said polymw chain are selected from the group 
consisting of CrCia-aliphatio carbon, aromatic carbon, oxygen, sulfur and a combination 
thereof; 

P Is an oligomer or polymer ha\rtng a number average degree of polymerization In the range 
of 2to 1000 or said first polymer chain; 

X is selected fiiom tfie group conslsUng of unsubstihJied or substituted aryl, C,-C«- 
alkoxycarbonyi, unsubstituled or substituted aryloKycarboyl. catlJo>v. unaubslltuted or 
substituted aryloxycarbonyl, Ci to Cw carboxy, and cyano; 
n and m are integers In the range of 1 fo ^ and 

wherein the substituentsfbrfheeubstlfuled groups for R. R\ Z, t and X are IndependenUy 
selected from the group conslsltt^ of hydroxy, ferUary amino, halogen, cyano. epoxy. carb- 
oxyllc acid, alkoxy, attQrl having 1 to 32 carbon atoms, aryl, alkenyl having 2 to 32 carbon 
atoms, alkynyl having from 2 to 32 carbon atoms, saturated carbocycllc rings having 3 to 14 
carbon atoms, unsaturated carbocycllc rings having 4 to 14 carbon atoms, aromatic carbo- 
oydlo rhigs having 6 to 14 carbon atoms, saturated heterooyoito rings having 3 to 14 cariwn 
atoms, unsahiratad hetetocycllc rings havbig 3 to 14 carbon atoms and aromatic carhocyclic 
rings having 6 to 14 carbon atoms. 

By a -polymer chain" referred to above for R, R\ Z, and P Is meant conventional conden- 
sation polymers, such as poiyesters [for example, poiycaprolactone, poly{ethyleno tereph- 
thdate), polyOaotloactd)], polycarbonates, poly(alkyIene oxide)s por example, poIy{ethyIen8 
OKkJe), poly(felramethylene oxide)], nylons, polj^jrefhanes or chain polymers such as those 
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formed by cooreiination polymerization (for example polyethylene, polypropylene), radical 
polymorfeation (fbr example, poly(meth)acfylates and polyfityfenlcs, anionio polymeriiiallon 
{for example, polystyrene, polybutadiene), caftonio polymerlzallon (for example, polylsobu^- 

lene) and group transfer polymerfealion {foreKample, poly{meth)acryIate3). 

The groups R, R*. Z and 2^ are preferably chosen so as to be appixjprlata for use with the 
desired monomers or monomer combination and the polymerization method as disclosed in 
WO-JV9e/01478, WO^99/05099 and WO-Ar99/31144, all of which are Inrorporatsd herein 
by reference. 

the aynUiesls of block oopoliflnere by RAFT polymerization can be carried out in emiiston, 
solution or suspension in either a batah, semi-batch, continuous, or feed mode. For lowest 
poiydlsperslty block copolymers, the RAFT agent Is typically added before polymerization Is 
commenced. For example, when carried out In a batch mode In solution, the reactor is typi- 
cally charged with a RAFT agent and a monomer, or a polymerlzaUrai medium plus the 
monomer. Block copolymers with brwader, yet oontrolied. polydlspersity or with mulUmodal 
molecular weight distribution can be produced by controlled addition of the RAFT agent over 
the course of the polymerizaUon process. 

In the case of emulsion or suspension poiymertsatton, the polymetizalton medium wB! oilen 
be predominantly water arid the conventional sfablilzera, dlspersants and other additives 
can be present. 

For solution polymerization, the polymerization medium can be chosen from a wide range of 
media to suit the monomei(s) being used. For example, aromatic hydrocarbons, such as, 
petroleum naphtha or xylenes; ketones, such as, methyl amfi ketone, methyl Isobutyl 
ketone, methyl ethyl ketone or acetone; esters, such as, bu^ acetate or hexyl acetate; and 
glycol ether esters, such as, propylene glycol monomethyl ettier acetate. 

The use of feed polymeriaatton conditions aliovra the use of RAFT agents wlfli lower chain 
transfer oonslants and allows the synthesis of block copolymers that are not readily 
achieved using baK^ poIymerizaHon preeesses. if the RAFT polymerization is carted out aa 
a feed system, itis reaction can be carried out as follows: 
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Tha reactor is charged with the chosen pdymerlzaflon medium, the RAFT agent and opUo- 
nally a portion of the monomer mixture. Into a separate vessel te placed «ie rerralning 
monomer mMure. The ftae radical tnifiator Is dissolved or suspended In polymetizatton 
medium In anottier aaparale vessel. The medium in the reader Is heated and stln^d while 
the monomer mixture plus the medium and the initiator plus the medium, is introduced, for 
example by a syringe pump or oHier pumping device. The rate and duration of feed Is 
largely determined by the quanHty of flie solution, flie desired monomerfRAFT agent/initiator 
ratio and the rate of the polymerlzaflon. When the Ifeed is complete, heaflng may be 
continued for an additional period. 

Following completion of the polymetlzation, the block copolymer can be Isolated by stripping 
o«f the medium and uotBaoted monomer<s) or by predpitaUon with a non-solvent. Allema- 
iively, the polymer soluttonfemulslon can be used as such, If appropriate to its application. 

Block and mutti-block and gradient copolymers may be prepared by varying the rate of 
monomer(s) addition and/or by varying the sequence In which the monomer{8) may be 
added to the polymerization medium. Gradient block may also be prepared in a one-step 
process by making use of the Inherent difference In reactivity of the monomer{s). For gra- 
dient Wook copolymers, It Is oiten desirable to pidc oomonomers with disparate raacbVily 
ratios. For example, maleio anhydride and etyrene or {moth)ac(yia«6s. 

By appropriate selection of the groups R, R\ Z. Z^ P and X of the RAFT chain transfer 
agent of fbrmulae I-IV above, block copolymers with specific end ftjncllonalities can be 
readily produced, 5lock copolymer may be prepared by starfing with an existent polymer 
chain prepared by means other than RAFT polymerization and then modHying the end or 
other functionality sudi that the pcriymsr chain is incorporated in a compound of fonnuiae 1- 
IV so as to create a macromolecular RAFT agent that can be chain extended by (?AFT 
polymerization. 

The "source of free radicals" or "intHatot" suitable for use In the present invonflon includes 
those compounds that provide Inlfiatlng radicals that add to monomers to produce propa- 
gating radicals. 
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Tha amount of inlllator used depends upon the desired polydlspsrstty. molecular weight and 
polymer structure of the resulting polymer. However, fleneralty less than tO weight percent 
based on the total amount of monomer mbrtiBB b used. Preferably «ie amount of inftiatar 
used is In the range of 0.001 to 5.0 weight percent. 

The source of initiating radicals Includes surfi sources as the ihemially induced homolytio 
scission of a sullabte InlUator, such as pemiddeB. peroxyesters, or azo compounds; the 
spontaneous generation ftom monomer, such as siyrene; redox intttatlng systems; 
photochemical inltfatlng systems or high energy radiation source, sudt as electron beam, X- 
or Y-tadlation or a combination of these methods, The Initiating system la chosen such fliat 
under ttie reaction conditions there Is substantially no adverse interaction of the inKlator or 
Hie InitiaUng radicals with the RAFT agent under the reaction conditions. Tlie Initiator should 
also have the requisite solubility In the reacflon medium or the monomw mirfure. 

Examples of suitable sources of free radicals for the process Include azo compounds and 
peroxides such as for example 2,2'-azobis{lsobutyronltrile), 2,2'-azobls(2-oyano-2-butane), 
dimethyl 2,2'-azobls(methyI isobutyrate), 4,4'-3zoWs{4-cyanopsntanolc acid), 4.4'-azobIs(4- 
cyanopentan-I^Jl), 1.r.azobis(cydohexanecarbonitrile). 2.(t-butylazo)-2^anopropane, 
2,2'-azobisl2-mathyt-N-(1,1)-bis{hydoxymethyl>.2.hydroxyethyl] proplonamide, 2.2'-azobtsi2- 
methyl-N-hydroxyBthyl)]-proplonamide, 2,2'-azobis(N,N'-dimBthylenetsobulyramidtne) di- 
hydrochloride. 2.2'-azobis(2-amidinopropane) dihydrooWoride. 2.2'-azobIs{N.N'-dimethyiene. 
Isobufyramine), 2,2'-azobis(2-m6thyI-N-[1,1-bIs(hydroxymethyi)-2.hydroxyethyi] proplon- 
amide). 2,2'-azobis(2-mBthyl-N-t1,1-bis(hydroxymethyl) ethyll propionamlde), 2.2'-azobi5l2- 
methyl-N-{2-hydroxyethyl) proplonamide], 2,2'-a20bIs(lsobutyramide) dihydrate. 2,2'-azobIs. 
(2,2,4-lrimethyIpBntane), 2.a'-azob!s(2-m6thyIpiDpane), Isrl-lHilyl peroxyacetate, tert*ulyl 
peroxybenzoate, t-butyl peroxyoctoate, tert-bulyl paroxyneodecanoate, tsft-bulyiperaxy 
isobuiyrafe, tert-amyl peroxyplvaiate, tert-butyl peroxyplvalafe, dl-isopropyl peroxydlcarbo- 
nato, dicyclohexyl peroxydicarbonafe, dicumyi peroxide, dibenzoyi peroxide, dilauroyl per- 
oxide, potassium peroxydlsulfale, ammonium peroxydisidfate, dl-t-birtyl hyponilrite. or dicu- 
myi hyponifrite. 

Phofochemical initiator systems are chosen to have the requisite solubility in the reaction 
medium or monomer mixture and have an appropriate quantum yield for radical production 
under the conditions of the polymerizatioii. Exan^les Include benzoin derivatives, 
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benzophenone. acyl phosphlne oxWes, and photo^edoK systems. Free radicals may ^so be 
derived by direct photolysis of «ie compound of formuia i-lll. 

I^dox initiator systems are chosen to have the rsqutsKa soiubllHy In the reaction medium or 
monomer miKfure and have an appropriate rate of ladicel production under the conditions of 
the polymerization; ttiese initiating systems can include oombbiaUons of the Ibilowlng oxi- 
dants and reduotants: Oxidants: potassium peroxydlsuii^te, hydrogen peroxide, and tert- 
Ijutyi hydroperoxide. Reducfants: iron (il), titanium (iii), potassium thlosulfife, and potassium 
bisulfite. 

Other suitable initiating systems are deswlbed In recent texts. See. for example, Moad and 
Solomon 'The Chemistry of Free Radical Potymertzation'. Pergamon, l^ndon. 19^, PP S3- 
95.' 

Compositions which are of interest Include those comprising aa component (c) a block or 
comb copolymer having at least one clay compa«bla biodc and at least one matrix polymer 
oompafible bloctc prepared by controlled free radical polymerization. 

Prefarebly. a clay compatible block is.based on hydrophtlic or 'clayophiliC monomers which 



]. nilrile, anhydride, hydroxy, amine, pyridine, ammonium and phosphonlum 



appropriate proximity. 

PrefeiTBd hydrophilic or "clayophilic" monomers are for example PHO acrylate. 1-vlny{-2-pyr- 
roildlnone. N.NKilmethyl acrylamlde, acrylonitrile. malelc anhydride, hydroxyethyl acrylate, 
hydroxypropyl aaylate, fert-bulyl os-hydroxymethacrylate. N.N'-dimathyIamInoethy1 acrylate. 
^.vtnylbenzyldihydroxyethylamine, 4-vlnidpyrldlne or 4-vinylbenzy!fflbutylphosphonlum chlo- 



oontdn polar groups such as for example ether [-0-], amide [ 





ride. 
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The molecular weight of Ihe a«yllc copolymer is preferably behveen 1000 and 100000 and 
the polydispersity bet^veen 1.05 and 3.0. Mora prefbrably the molecutar weight Is befcveen 
2000 and 20000 and the polydispersKy is betv/een 1 .05 and 2.0. 

Copolymera of the above polymers with other monomers may also bo used. 

The polar (hydrophlllo) or "dayophllitf- segments may also be derived ftom a polar conden- 
sation or other polymers such as for example poIy(ethyIene oxide). 

Preference Is given therefbre to composRIons comprising as component (c) a block or comb 
acrylic copolymer prepared by controlled ftee radical polymerization. 

The block or comb copolymer prepared by controlled liee radical polymerisation can also 
be described as polymeric dispersing or solvaUng agents having amphlphlllo properties. 
They have polar and nonpolar groups In the same molecule and they are. for example, 
dispersing or solvatbig agents based on polyethylene glycols (PEG). polyacn/Iates. 
polyslloxanes. polyvinyl acetate or on block copolymers containing at least one block 
copolymer based on actylate, acrylio add or methaonrfatB. 

Block copolymers ere, for example, diblack copolymers (A-B type) or friblock copolymers 
(A-B-A or A-B-C type) and so-called tapered structures. 

Dibtock copolymers (A-B type) aro, for example. poiy{styrene-b-methyimethacrylate). poly- 
(styrene-b-tert-butylmethacrylate), poly(styrene-b-methy1acryiale). polyCatyrene-b-n-buiyl- 
acylate), poly(styrene-b-tert-butyIacfyla{e). poly(styrene-b.buladlene). poIy(slyrene-b.iso- 
p,^ne[1.4-additlon]), tapered block copolymer poly(styrene-b-butadiene). tapered block 
copolymer poIy(sty«ne-b-ethyIene). poly(s1yrone-b.2-vinylpyridlne). poly(slyrene-b4-vinyl. 
pyridine). polyCsty^ne-bts-tert-buiylstyrene), poly(siyrene-b-dlmethylsitoxanB). 
poMbutadiene-b^lmelhylsiloxane). poly{butadieneI1.4-addition]-b-methylmethactyIat9), 
poly{isoprene[1-4-addUlon]-b-mathylmsthacnrfate). poMbutadlene-b-tert-butylmethacrylate). 
poly(but8dtene-b-tert.butylacryIate). poly{lsopmnB-b*vinylpy/1dlne). polytbutadlene-b^- 
vinylpyridlne), poMstyrene-b-melhyf methaccylate), poly(methyl methacrylate-b-tert-butyl 
methacrylate). poIy(methy! methacryiate-b-tert-butyl acrylate). poly(tert-bulyl aco^ate-b- 
methyl methacrylate). polyCn-bu^acrylate-b-methylmethacylatc). poly<2-vlnylpyridinB-b- 
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melhyl methaciylate). poly(tert-butyt methacjyiate-b-tert-butyl acaylate), poty{tert-butyI 
mett)acrylate-b.2rvinylpyrldlne). poly(tert-buly1 methacrjrfatQ-b-4-vinylpyridlne), poly(tert-bulyI 
aciylate-b-2-vlnylpyrid!ne), poly(2-vInyIpi™id&ie-b^-vInylpyridlnB), po!y(ethylen8-b-m8thyI 
meUiacrylate). poly(efhyIene-b-2-^HnyIpyridlne) or poly(ethylene-b-4-vinyIpyridin9}. 

Trlblock copolymers of the A-B-Afyp9 are, far example, pDly(m8thyl methacrylate-b-styrene- 
b-methyl melhacrytate), poly(tert-butyl mothactylate-b-styrene-b-tert-bulyl mslhacrylale), 
poIy{tert-buWaraylate.b-styrBne4)-tert-butylacrylate), po1y(2-viny!pyrIdlnB-b-styfene-b-tert- 
butyl aciylate), poIy{4-vinytpyridlne-b-stytene-b-4-vinylpyrldIne), poly(butadlaneI1,2- 
additIon]-b-atyrQne-b-butadlene[1,2-addition]). po|y(butadtenB[1,4-addHtonI-b.sfyfene-b- 
butadlene[1,4-addltlon]), po!y(styrene-b-butadfene[1,4- and 1,2-addttlonl-b-styrene), 
poly{methyl methacrylate-b-butad!0ne[1.4-or 1,2-addiHon]-b-methy! methacrylate), poly(tert- 
butyl methacrylate-b-methy! methaoylate-b-tert-bufyl methaciylate), pDly(fert-butyl acrylate- 
b-methyl methacrylate*-tert-butyl acrylats). poly(methyl meUiactylal9-b-2-vln)rfpyridln8-b- 
melhyl methaoiylale), poIy{4-vlnylpyridln&*-mBlhyl methactylate-b-4-vlnylpyridlns), 
poly(methyl methaciylate-b-tert-butyl aaylate-b^nBthyl meUiaciytafe), poly(»nefhyl 
methacrylate-b-n-butyl acrylate-b-mathyl methaon^ate). poly(tert-bulyl methacrylale-b-tert- 
buSyf acryfate-b-tert-butyl meUiacrylalo), poty(2"Vinylpyrldlne-b-tert-bit1yI acrylat0-b-2- 
vln^pyrtdlne), poIy(4-vlnylpyrtdIne^i-*art-butyl aofylate-b-4-vtnyIpyrid!iw), poly(styf9ne-b-n- 
bitly!aciylate-b-9lyrene). po1y(8!yren9-b-«thyl aciiflate-b^lyreno), poiy{8tyrene-b-ethylen9-b- 
s^mne), poly(styrene-b-bufyIene-b-slyren8), poly(ethyteno o>dde-b-slyrene-b-ethylflna 
oxide), poMstyrene-b-elhylene oxide-b-styrene) or poly(styrene-b-acrylio acid-b-styrane), 

Ttrndk copolymers of the A-B-C type ate, for example, poly{styrene^butadl8na-b-2"Vinyi- 
pyrldlne). poly(styrens-b-butadleiw4)-4-vfnirfpyridlne), poIy(styrens-b-fett-butyl methacrylale- 
b-2-vInylpyfidlne), poly{sfyrene4>-lert-bulyImethacrirtate-b^InyIpyrldin6), poIy{styrene"b-2- 
vlnylpyfldlne.b-4-vlnylpyridlne), poly{butadiene-b-sfyrene-b-m0lhyl methaorytate), poly{sty- 
rene-b-butadlens-b-methyt methacti^ate). poIy{s^ene-b-2-vinylpyridlne-b-ethyl oxide), poly- 
(styrena-b-tert-bulyl acrylate-b-melhyl melhaaylate), poly(styrene-b-acrylic add-b-niethyl 
methaciylate), poly(slyrene-b-a-me»iylstyrene-b-methyl meaiaciylaie) or poly{styrene-b-a- 
methylstyrena-b-tert-butyl acnflale). 

• Partioulariy suitable dispersing or soSvatfng agents having amphiphilio properUss are, for 
eKample, poty{butadlene-b-meihyl melhaaylate), pDly(isoprene-b-niethylmethaciylate),poly- 
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(ethytene-b-rtielhyl methaciylate). poly(slyrene-b^Inylpyiicifne). poly(sfyfene-2-b-vinylpyri" 
dine), pofy{9tyfBne-b-n-bulyl actyfate), poly{styrene-b.teit-toutyl aoyiate). poIy(slyrene-b- 
sodium acrylate), poIy(8lyrene-b-9crylIo acid), poIy{msHiyl methaoivlate-b-sodlum accylale). 
po!y(methyl methaoryiate-b-sodlum methacrylate). poly(elhytena oxide -b-e-captoladone), 
P0ly{2-vlnylpyridine-b-ethylene oxide). poly(bu!adten9.b-ethyIene oxide), poly(butadiBne-b- 
sodlum acrylate). polytethylene-b^thylene oxide). poIy(e{hyIene.b-prapylene oxide), poly- 
(8<yren&-b-ethylacrylate-b^«yrene), poly(ethytene oxld^-afyrena-b-ettiylene oxide), poly- 
(styrene-b-acyllo acld-slyrene), polyCstyrena-b-butediena-b-methyi mathactylate). poiy(sty- 
rene-b-vInylpyridine-b^thylenB oxide), poly(styreiie-b^-vinylbenzolo acid). pDly(styrene-b- 
poiyglycldyl-methacryiate), poly(ethylene-b-glyc!dyl mathaciyiate), poly{propylBne-b^crylic 
aotd), poly{ethylene-b-actyllc acid), poly{pfopyten8-b-malelc anhydride), poly(ethylene.b. 
malelo anhydride). poly{fityrBne*-inaIete anhydride), poWmethacryllo acid).poly(all;ylena 
oxide) block copolymers, for example according to 859 028. polysiloxane-polyojcy- 
alkylena, copoiymars of maleates and styrene or styrene derivatlvas, for example according 
to EP-A-0 791 024, potystyrene-polysiloxane Wock copolymers, polyaciylats-polysltoxane 
block copolymers and oydoalloxane-radlale copolymers, prepared e.g. using ATRP techno- 
logy according to EP-A-0 870 774. methylaciyiateHstyrene copolymer, methylmethacrylate- 
styrene. polybutadlene-methylaaylates. prepared by n!t«oxyl-inItiated radical potymedsallon 
according to EP-A-Q 135 260. 

The polyalkytene oxides are preferably polyethylene oxide, polypropylene oxide and poly- 
butyiene oxide. 

Suitable block' copolymers are. for example. polyacrylate/polystyrene, 
potymethacrylate/polyethylena oxide, polyaoiylate/poIyethylenB oxWe. 
polyacrylate/polyethylene. polyvinyl acetate/ polyethylene, polyatyrane/polybutadlene. 
pdyacrylate/polybutadiene. poIyacrylate/poSylsopiene, 
polylsoprene/polymethylmethaciylate, polyethylena/polymethylmethaorylate. polyathy- 
lenafpotyeHiylene oxide or polyathjrfene/polypropylene oxide. 

Particularly suitable dlspetslng or sdvatlng agents having amphlphllio pnjperliea are, for 

example, poly(styrene-bis-sodlum acrylate), poly{sfytBne-bIs-acfyIio add), poly(styrenB-bls- 
sodiummelhacrylate), po!y(sfyrene-bis-N-methyl-4-vtnylpyridinium Iodide). poly(isopren8.bis- 
N.methyl-2-vinylpyridinium Iodide), poly(slyrene.bis-ethylene oxide), poIy(methylmethacry- 
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■ late-bls-sodlum acrylate), pDly(meth^meaiacry{ate-bis-sodium methacryiate). po(y(niethyI- 
methawylale^Is-elhylene oxide), poly(tert-butylnnethaorylate-bt8-ethyleno oxide), poly- 
(methylmethacrylate-bis-N-methyl-^-vlnylpyrWInlum iodide), poly(eBiylenB oxlde-bte^adate), 
poIy{2.vInylpyridlns-bis-8thylene oxide). poIy{butadi8ne-bIs-sodium acfylafa), 
poly(butadIene-bts^odIum methaciyiate), poIy(buladiene-bis-N-methy!-4-vinylpyrid[nium 
lodtdo), poly(butedienB.bls-8thylene oxide), po!y(ethyIene-bis^thylene oxide) or 
poly{eth(ytene-bls- prqjylene o'^'dB). 

Other Ifkewlse preferred dispersing or eolvaflirg agents based on polyacrylates are de- 
scribed, Infer alia, In U.8. 5,133,898. 

Preferabty. component (b) Is present In the composition In an amount of from 0.1 to 40 %. 
more preferably 0.5 to 20 %. most preferably from 1 to 10 %, based on the weight of the 
synthetic polymer [component (a)]. 

Preferably, component (o) la present In the composition in an amount of from 0.1 to 20 %, 
more preferably 0.1 to 15 %. most preferably from 0.1 to 10 %. based on the weight of the 
synthetic polymer [component (a)]. 

In addition to components (a), (b) and (c)the novel compositions may comprise ftirther addi- 
tives, such as, for example, the following: 

1. Antioxidants 

1.1. Alkylated monoohends. for example 2,6-dt-tert-butyM-melhylphenol. 2-butyM,8-dI- 
methylphenol. 2.6.di-tert-butyl^lhylphenol. 2,6-dI-tert-b«tyl-4-n-butyIphenol. 2.6-dl-tert- 
butyl4-l9obutylphenot, 2.e.dlcyclopenfyM-mBthyIphenot, 2-(a.methyIcydohexyl)4,6-di- 
methytphenol. 2,6-dloctadeqyM-methylphenol. 2.4,6-tricycIohexylphenol, 2,6-di-tert-buIyM. 
methoxymethylphenol, linear nonylphenols.or nonylphenols branched in the side-chain, e.g. 
2,6-dlnonyl-4.mBmylphenoi, 2.4^imethyl-6-(1'-methylundeo.1'-yl>phenol, 2.4-dimethyi.8-(1'- 
methylheptadeo-f-yD-phonol. 2,4-dimethyl-6-(1'Hnefhyiti1door-yi)-phenol and mixtures 
thereof. 
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1 9 AikvHhtomathvlohenolB. for eKample 2,4-dtoc»yntilomethyl-6-t8rt-butyJph8nol, 2,4.d1octy1. 
thlomethyl-6-methylpheno). 2/t^toctytthlomethyI-6^thyIphenol. 2,e-dWoci8Qylthlome»hyl-4- 



phenol. 2.5-dHert-butylhydroqu[r»one, 2.5-di-tert-amylhydroqu1nonB. 2,e-dIphanirt-4-octa- 
deoytoxyphenol, 2.6.dl-tert-butylhydroquinDne, 2.5.dMert-butyM-hydroxyafitsoIe. 8,MI-fert. 
bulyM-hydroxyanisole, 3,SmWert-butyt-4-hydroxyphenyi slearale, bls(3.5-dl-tert-butyl-4- 
hydroxyphenyJ) adipate. 

iA. Tocaoherots. for example a-tocophenjl. p-tocopherol, rtooopherol, 8-tocopherol and 
mixtures thereof (Vitamin E). 



2^'-fhtobls{4^)0lyIphenol), 4.4'-thiobts(6.tert-butyI-3-methylphenolX 4,4'-thlobis{6-tert-butyl- 
2-methytphenol). 4.4^ttitobis{3.e-dl^560-amylphenol).4.4'-bte{2.e<limetliyl-4*ydro^^ 

disulfide. 

1 ft m^Mens blsDhenote, for exampfe 2,2'-meihy!enebts{6-tert-butyl-4-mBthylphonoi). 2,2". 
methyleneblaCe-tert-butyM-Bthylptienol), 2,2'-methylenebis[4-m9thyl-6-(cfrmethyIcyctohexyl)- 
phenol], 2,2'.metliyIenebis(4-methyl-e-cyc!ohoxylphenol), 2,2'-melhylsnebi3(6-nonyW- 
methylplienol),2,2'-methyIenebis{4,6-dHert-bulylphenol),2,2'-etliylidenebls(4.eKJHert.buW^ 
phenol), 2.2'.8Ehylldenebfs(e-tert-butyi-t-lsobufylpIieno)).2,2'-methylenebis!6-(a-methyiben^ 
2yt)-4.nonyIphBnoll, 2.2'-methyleneb1s[6.(a.oMiimelhylbBnzy!)4-nonylphenol]. 4,4'-melhy- 
l8nBbrs(2,e-<li-tert-butyIplienoi), 4,4"-meltiylenebts(6-tert-butyl-2-methyIphenol), 1,1-bis(5- 
tert-butyl-4-hydfoxy-2-melhylphenyl)butane, 2,6.bis(3-terl-butyl-5-methyl-2.liydroxyb8n2yI)- 
^.methylphenol, 1.1,3-fris(5-tert-buty(-4-hydrox5^2-me£hylpheiiyl)butanB, 1,1.bts{64erl-butyl- 
4-hydroxy-2-methylphenyl)^-n-dodecylmercaptobutane, ethylene glycol bls[3.3-bls(3'-tert- 



methylphenyDdicyclopenfadlene, blsl2-(3'-tert-fautyi-2'4iydroxy-5'^ltiyibfinzyl)-6-tert-butyI. 
4-methylpiienyli terephthalafe, 1.1-bi5{3.5-dlmethyf-2.hydfOxyphenyl)butane. 2.2-bis(3,5-dl- 
tert-butyl-4-hydtoxyphBny!)propane. 2,2-bis{5-tert-bulyl-4-tiydrc«<y.2.methytphenyl)-4-n- 
dodecy1meroaptobutane,1.1,S.5-t6ba(5-tert-butyI4-tiydroiqf-2-mBthylpIienyl)pentane. 



nonylphenol. 





bU^i-4'-hydroxyphenyl)butyrate], 



bts(3-lert"butyl-4-hydroxy-5- 



wo 2004/078785 



PCT/EP2004/050I83 



-22- 



1.7. Q-. N-and S-benzvl compounds, for eKample 3,5,3'.5Metra-tert-bu^!-4,4'-dthydrojcy- 
dlbenzyl ethw. odad9oyl4-hydroxy-3^-dlmelhylb9nzy) mercaptoacet^te, tridecy!-4-hy*0)qf- 
S^-dl-tert-butylbenzyl mercaptoawtala. tti6{3^-dl^rt-buiyl-4-hydfoxyben2yl)amlne, bts(4- 
tert.bmyl^3-liy(iroxy-2,6-dtmethylben2yl) dlthtotefephthalate. bls(3.5-dt-iert-butyl^hydroxy- 
benzyl) sulfide, isooctyl-3.5-di-tert-butyl-4-hy(fro)vbenzyl mercapfoaoetats. 

i fi , Hvdroxvbenyvlated malonates. for example dioctadeoyi 2,a-bis(3^-dl-tert-bulyl.2- 
hydroxybenzy1)maJonate. dioctadeoyi 2-(3-tert-butyI-4-hydroxy-6-mBthylbetKyl)malonate. 
dldodecylmercaptoettiyl 2^-bls(3,6-dWert-butyM-hydroxybenzyl)malonate. dl-[4-(1.1.3.3- 
tetram9thylbulyl}phenyU2.2-bIs(3.5-dl-tert-butyl-4-hydroxybenzyl)niaIonate. 

1 ,fl , HvdrQxvbenTyl afnmatic oompounds. for example 1.3,5-fris<3,5-dHert-*utyI-4-hydroxy- 
bsnzyl).2.4.e^methylbenz6ne, 1,4-b{s{3^-di-tert-buty)-4-hydroxybenzyl)-2,3,5,e-tetra- 
meOiylbeiH6ne,2A6-iri3(3,5-dl-tert-bufyI^-hydroxyben2yl)ph9nol. 

nn^ TrbTine compounds, for exampie 2.4-bisootylmercapto-6-{3,5-dl-tert-butyl-4-hydroxy- 
aiilllno)-1,3.5-Wazfne, 2-octylmercaptQ-4,6-bIs(3,5-dl-tert-butyl-4-hydfoxyan1llno)-1.8.5-tt- 
azina. 2-octytmercapto4,e-bts{3,5-di-lert-butyM-hydroxyphenoxy)-1 ,3.5-triazine. 2.4,6-^8- 
(3,5-di-tert-butyl-4-hydroxyphenoxy)-1 .2,3-triazlne, 1 .3,54tfe(3.S<li-tert-butyW-hydfoxyben- 
zyl) isopyanurate, 1,3,5-tris(44ert-butyW-hydioxy-2.6-dImethylbenzyl) isooyanurate. 2,4,6- 
irl8(3.5<li-tert-bu{yl^hydK»{yphenylethyt>.1.3.5-iriazme, 1,3.B.tri8(3,6-dHert-butyM-hydr. 
oxyphenylproptonyl)hexahydro.1,3.5-Wazlne. 1.3.S.fn6(3.fi^JIcyclohexyJ-4-hydroxybefizyt) 
isocyanurato. 

^ 41 R» pvyl phoaphonates. for example dimethyl 2,5-di-tert-bulyI-4-hydroxybenzyl- 
phosphonate. diethyl 3,6^i-tfirt-bulyl-4-hydK>xybenzylphosphonate, dioctadeoyi 3,5-dl-tert- 
bulyI-4-hydK»<yben2ylptiosphonate, dtootadecyl 5-ien-bmyl-4-hydroxy-3-methylb8nzyI- 
phosphonale, calcium salt of 3,6-di-tert-butyM-M«»<ybera'yH5hosphonio add monoethyl 
ester. 



1.12. AwlamlnoDhenols. for example 4-hydroxylaufio add anlllde, 4-hydroxysleatic acid 
antllde. N-(3,6-di-tert-butyl-4-hydroxyphenyl)carbamio add odyl ester. 
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1.13. Esters of B-fS.S-di-tert^butxri^hvdroxyolienvnDroDtonio add with mono- or po!y-hydrio 
alcohols, for example with methanol, etbanol, nnOGtanoi, isooctanol, octadecanot, 1,6- 
hexanediot. 1.9-nonanedIol, etiiytene glycol, 1,2-propaneciioi; neopentyl glycol, 
thtoctlethyiane glycol, diethyleiw SlyM Wethylene glycol, pentaerythritol. frls{hydroxyethy)) 
Isocyaniirate, lM,W-bfs{hy(iroxyethyl)QX^te acid diamWe, 3-thfaundecanoI, 3- 
thiapartadecanol, frimethylhexanedtol, Irimethylolpropane, 4-hydro5qfmBthyl-1-phospha- 
2,6.7-frloxabloyoIo[2.2.2]ootan8. 

1. U. Esters of B-ffi.tert.butvl^-hv rfmw^ethvlDhflnvltoroptonlo acid wKh mono- or poly- 
hydrlo alcohols, for example wtth melhanol, ethanol, n-odanol, isooctanol, odadecanol. 1,6- 
hexanedlol, 1,9-nonanad!ol, ethylene glycol. 1.2i3ropanedioI, naopenfyl glycol, 
ihlocflethyiane glycol, disthylene glycol, iriethytane glycol, pentaerythritol, trf6(hydroxyethyl) 
isocyanurate. N,N*-bls(hydroxyethyl)oxallG add dtamlde, 3-fliIaundecan(ri, 3- 
thlaper>tadecanol, trimathylhexanedlol. trimethylolpropans, 4-hydroxymethyl-1-phospha- 

2. e.7-tfioxab!cyclot25.23odane; 3.9-bfe[2-{3-(3.tert-butyl-4-hydroxy^- 
methytphanyl)prop!onyloxyH.1-dIniethylethyll-2,4,8,10-t6traoxasplrol5.5]undecan9, 

LIS. Esters of B.r3.s-dicvdohe vvU-hvftroxvDhBnvttoroplontQ add with mono- or poly-hydrto 
alcohols, for example with methanol, ethanol. octanot, octadecanol, 1 ,6-hexanBdlol, 1,9- 
nonanedtol, ethylene glycol. 1,2-propanQdlol, neopentyl glycol, thiodlethyiene glycol, 
diethylene glycol, trlethylene glycol, pentaeiythrltol, tri3(hydroxyethyl) tsooyanurate. N.N'- 
bIs(hydroxyethid)oxalic acid dlamWe, 3-thlaunde<ano), 3-fhiapenfadecanol frime^iylhexana- 
dlol,trlmethylolpropan6,4-hydroxyn!»elhyl-1-pho8pha-2.6.7-trioxabioyclo|2,2.21octane. 

i.ie. Esters of a.S.dl-fert-bufvU-hvdfoxvohQ nvlac9tto add with mono- or poly-hydric 
alcohols, for example with methanol, ethanol, octanol, octadecanol. 1,6.hexanedlol. 1.9- 
nonanedlol. ethylene glycol. 1,2-propanedIol. neopentyl glycol, thiodlethyiene glycol, 
dtethylene glycd. Irfethyiene glycol, pentaerythritol, tr1s(hydroxyBlhyt) Isocyanurate. N,N"- 
bls{hydroxyethyi)oxallo acid diamlde, 3-thtaundecanoI, 3-thlapentadecanol, frlmethyl- 
hexanedlol. trimethyldpropane. . 4-hydroxymefhyl-1i)hospha-2,e.7- 

WoxablcydoI2.2.23odan6. 



wo 2004/078785 



PCT/EP2004/050183 



,24. 



1.17. Amides of B.(3.5-<ii-tefMiutvl-4-hvdrqxvohensrtbroDlonlo add, for example N.N'- 



propIonytoKy)efhyIloxaniide(Nai^aKJ®>a.-1 from Uniroyd). 
1.ia.AacQri)teaclcl (Vlfamfti C). 

1.19, AmlnB-tvoe anttoxtdants. for example N,N'-<lHsopropyI-p-phenyIenedlamln9, N,N'-dl- 
seo-bulyl-p-phenylenedlamina, N,N''bi3(1/*-dimQthy(pentyl)-p-phenyienedlamtne, N.N'-blsCl- 
ethyl.3-methylpentyl)-p-phenylenedlamlne, N,N'-bls(1-melhyihepty1)-p-ph9nylenedlamtna, 
N,N'K)tcyoIoh8xyl-p-phenyJenediaminB, N,N'-dIphBnyl-pi}henyiBnediaminei N.N'-<fl(2- 
naphthyl)-pi3hBnyl8nedlam!ne, N-lsopfopl^-^F■phenyl-pi)henylBnediamIne, NKLS-dimefiiyJ- 
butyl)-N'-phenyt-p-ph8nylenediamine, N-(1-meaiylh^tyl)-N'-phanyl-p-phsny!enediam1ne, N- 
cycIohexyi-N'-phenyl-p-phen^enedlamlne, 4-(p-toiuene8ulfonamido)-dlpheny)amlne, N,N'- 
dlmelhyI-N,N'-dl-seo4)U^-p-phenylenediamine, d^henylamine, N-allytdlphenylamtne, 
4-rsopropffl<yd!phenyiamIne, htphenyl-l-napWhylamtne, N-(4-fQrl-ootylphenyl)-1 -naphthyl- 
amlne, N-pheiiyl-2-naphtfiiyIamtno, octylalsd dlphanyiamins, for example p.p'-di-tart-oc^l- 
dlphenylamine, 4-n-btrty)am!nophenol, 4-butyrylaminophenol, 4-nonanoyramInophBnol, 
4-dodecancyIaminophenol, 4-octadecanoyIam1nophenol, dl(4-motho)qfphenyl)amIna, 2,6-di- 
{ert-bulyI-4-dimethytemlnomethylphenoi, 2,4'-dlamlnodlphenylmethane, 4,4'-dlamino- 
dlphenyimethane, N,N,N',N'-tetramelhyl-4,4'-dlam1nod!phenylm6thane, 1,2-dlE(2-m0thyt- 
phenyl)amlno]etIiane, 1,2-diCph6nylamino)propane, (o-toly)>biguanide, di[4-(1'.3'-dlmethyl- 
butyl)phenyilamtne, tert-octylatad N-phenyl-l-naphlhylamlne, mixture of mono- and di- 
alkylated tert-butyWtert-ocljJ-dlphBnylamlnBS. mfa^re of mono- and dl-alkylated nonyl- 
dlphenyiamlnes, mixture of mono- and dl-alkylated dodecyldlphenytamlnes, mbdure of 
mono- and di-alkylated isopropyl-flsohexyl-diphenylamlnes, mixtures of mono- and di- 
alkylated tert-buty Wiphenylamlnes, 2,3-dtfiydro-3,3-dlmethyl-4H-1 ,4-benzothlazine. 
phenothiazina, mixture of mono- and dl-a)lq»latad tert-bufyl-/tert-octyli)tienofhla2!nas, 
mbdure of mono- and di-alltylated tert-oc^ylphenolhlazines. N-^Iylphenothiazine or 
N,N,^r,N•-tehaph9nyM.4-dtam^nobut-2-ene. 

2. UV abSQfber a and llolitslabillzers 



bis{3,S-d[-tert-buty)-4-hydro}(yphenylpiop[ony]}h 
buty)-4-hydro»yphen^proptony1}b1meUiyIenedia 
hydroxyph9nyiproptonyl)hydraz)de), N,l 



y]}hexamethylenadlamlde, N,N'-4}Is(3,S-dt-fert- 
idiamlde, N,N'-b!s(3,5<tl-fert-bul]^-4- 
N.N"-bls[2-(3-[3,5-dl-f6rt-butyl-4-hydroxyph6nyt]- 
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g.1 ■ 2.r2'-Hvdroyv phgnvi )-hBnzQtngzol9S . for example 2-(2'-hydroKy-5'.mBthylph6nyl)-benzo- 

iriazole, 2-{3',5'-dI-tert-butyl-2'-hydro}(yphenyl)-bBnzolrfazote, 2-(6'-tert-buty1-2'-Jiyd«)xyph8- 
nyl)-benzotriazol6, 2-(2'-hydroKy-5'-(1,1.3,3-telramethy)bulyl)-phBnyl)-benEolriazol8, 2-(3'.5'- 
di-tert-butyl-2'-hydnwyphenyl>«-ch!oiDbenzDMazote, 2-(3Mert.butyl-2'-hydfOHy-5'- 
methylphenylK-chlorobenzoWazole, 2.(3'-sec-butyl-5'-tert-bLriyl-2--hydfO)^yphenyl)- 
benzotriazole, 2.{2*-hydroxy-4'-octy!o)typhanyl)-benzolr1azole, 2-{3',5'-dl-tert-amy!-2'- 
hydroxyphenyO-benzotriazole, 2.(3'.5'-bis(a,€MJImethylbBnzyl)-2'-hydroxyph9nyl)-benTO- 

2.(3Mert4)ulyl-5^[2-(2.8tMhe5Vloxy)<»rbonyiethyt]-2'-hydro)cyphenyl)-5-c^ 
2-(3'-tert*uty^2^hydroxy-5'-(2rm9thoxycarbonylethyI)phenyi)-5-chlorobenzotriazofe. 2'(3'- 
tert-bufy|.2'.hydroxy-5--(2-methoxycarbonylethyl)ph8nyl)-benzoWazole. 2-(3'.tert.bulyl-2'. 
hydroxy-5H2-oclyIoxycarbonylethyl)phenyl)-benzoMazol9,2-(3Vtert-butyl-5^l»^.9thylhe^^ 
oxy)oarbonylethyl]-2'-hydroxyphenyl).benzotrtazol9, 2-(3'-dodecyi-2'-hydfoxy-5'-methyt- 
pheny!>bBnzotriazQle, 2-(34ert-buM'2'-hydroxy-«'-(2-lsooctytoxycart]onylethyl)-phenyI- 
bsnzotrrazole. 2,2'.methyIeneb[sl4.(1.1.3.3-t6tramethylbutyl)-6-benzofriazol.2-yH)henol]; 
tfansesterifiGatton product of 2H3'-tert-bmyl-5'-(2-iinelhoxycarbonylethylK-hydfoxyph9nyO- 
benzotriazote with polyefhytene glycol 300; [R-CH,CHr-caO"CH2DHf3^ wherein R » 
3'-tert-bu^-i-'-hydroxy-6'-2H-benzatriaz:oI-2-yl-phenyt; 2-[2'4iydroxy^4a.cw«mettiytbenzyl)- 
5'-(1,1,3,3-taframetlTylbutyl)-ph9nyl]-benzotriazole; 2-P'-hydrt»(y-3"-(1. 1.3,3- 

telram6thylbutyl)-5'-(a,<»-dfmelhylb9nzyl)-phenyl]-benzotflazole. 

9.9. a-HvdrQxvbenzoDhenones . for example the 4-hydroxy, 4-methoxy. 4-octytoxy. 4-d9oyl- 
oxy. 4^iodecytoxy. 4-b9nzyloxy, 4,2',4"-tr1hydroxy or 2'-hydroxy.4.4'>dlmethoxy derivative. 

2.3. Esters of un'^-'h^tit.fed or sul ^tH"tari henToto acids, for example 44ert-butyl-pheny] 
salicylate, phenyl ' salicylate, octylphenyl salicylate, dibenzoylresotxslnol, bls(4-tert- 
butylbenzoyljresorclnol. benzoylresotdnol. 3.6-dt-tert-butyl4-hydiD)Vb8nzorc acid 2^-dl- 
tert-butylphenyl ester, 3.5-dl-tert-bulyl-4-HydraxybenzDio acid hexad9cyl ester, 3,S-dl-ten- 
butyl-4-hydtoxybenzdc acid odadgqyl ester. 3,5-dt.tert-bulyl-4-hydioxybetizBlo acid 2- 
mathyI-4,6-dl-lBn-butyIphenyl ester. 
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2.4. Acrvlates , for example a-cyano^i.M(phenyIac^yllo acid ethyl ester or Isoodyi ester, 
meaioxycarbonylGlnnamic add methyl ester, o«yano.p-methyI-p-metho«yctnnamlc acid 
methyl ester or butyl ester, o^meUroxycarbonyi-p-methoKyctnnamic acid methyl ester. N-{P- 
methc«ycarbonylHJ-cyanovinyi)-2-melhyfJndo)lne. 

p..;.Niok»l comoQunds . for example nickel oomplexes of 2.2'-thlo-b1sl4-(1.1.3,3.telra- . 
methyibutyDphenot], such as the 1 :1 or 1:2 complex, optionally with additional llgands, such 
as n-butylamlne, trlelhanolamlna or N-oycIohexyldlethanotamlna, nicket dibutyl dHhlo- 
carbamafe, nickel salts of 4.hydtoxy.3,5^i-terlrbutylbenzylphosphonfe acid monoalkyl 
esteis, such as of the methyl or ethyl ester. nIcRel complexes of ketoximes. such as of 
2-hydroxy-4-mGthylphenyIun(teoyl kefoxime, nickel complexes of Lphenyl^lauroyl^ 
hydToxypyrazole, c^flonally with additional llgands. 

o« ^i^ H^M.Mnri^rsd^^\nBB . biT example bis{2.2.6,6-telramelhylpipefld^-yl) sebacate. 
bis(2.2.e.6-letfamelhylplperld^yt) auoclnate, bis(1.2,2.6.6.pentamethyIplperid-4-yl) seba- 
cate. bis{1-octyIoxy:2.2.6.6-tetramethylpiperW4-yl) sebacate, n-butyl-3.6-dl-t6rt-fautyM- 
hydroxybonzylmaionlc acid bls(1.2,2.6.6-pentamethylplperidyl) ester, condensatian product 
of 1.hydH»(yathy]-2,2,6.Wetfamethyl4.hydroxypiperidine and succinic acW, linear or cyclic 
condensation products of N,N'-bis(2,2,6.6.tetram8thyi4-piper1dyl)hexamethylenedlamln8 
and 4.tert-octyIamino-2,6-dlchloro.1,3.5-s.triazin8, trls(2.2,S,e-teframethyl^piperidyl) nitrllo- 
trtacetate, (etiakis(2.2.6,e-tetramethyi-4.pipBridylH.2.3.4-butanetetraoate, .2-ethane. 
diyl)bis(3.3,5.5-tetcBmethyIpiperazInone).4-bena>yl^.2.6.6-tetmmethy!piperldlne.4^tearyl- 
oxy.2,2,6,6-tetramethylpiperidine,bls(1.2,2.6.6-pentamethyIplpefidyl)-2-n-butyl-2-{2.hydroxy- 
3.5^i-tert-bulylbenzyl) malonate. 3-n-ocfyl-7.7.9.9-telramethyl-1 .3,8-ti1azaspiro[4.5]decana- 
2,4-dlone. bls(1-octyIoxy-2.2,6.6-tetramethylpiperidyl) sebacate, bls(1-octyloxy.2.2,6,6-tetra- 
methylplperidyl) succinate, linear or oydto condensation products of N.N'^is(2.2.6.6-tetra- 
methyl-4-p)pertdyl)hBxamethyienedlamine and 4.morpholino-2.e^lchloio.1,3.5.triazine. con- 
densation product of 2.chioro-4.e.dl(4-n.bulylamino.2.2,6.6.tetramethylplperidyl)-1,3.5-trl- 
azlno and 1.2-bi3{3-aminopropylamino)ethane. condensation product of 2-chIoro-4.e-dl{4-n- 
butylamino-1.2.2.e,6-pentamelhylpiperidyl)-1.3,5-triazlne and 1.2-bls(3.aminopropyiaminQ)- 
ethane, 8-acetyl^-dodecyl-7.7.9.9-tstfam6thyH,3.8-idazaspiro[4.5]decane-2.4-dIone, 3- 
dod9oyl-1-{2.2,6.6-telramethyl^-piperidyl)pyfrolid!ne-2,5-dione, 3^lodeoy|.1.(1.2.2,6.6-pen- 
tamethyi-4-plperidyi)pyi«)lidine^,5-dlone, mixture of 4.hexadecyIoxy- and 4^teaiyio5<y- 
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2,2.6,6-telram6thylp!per!dine. condensafton product of N,N'-bIs(2.2,6.6-te1rameaiyl-4-piperi- 
dyl)he)iamethylenediamln8 and 4-cycloheKyIamino-2,6-dIch!oro-1,3,5-Ma2ine. condensation 
product of 1.2^Is(3-amInopiDpylamlno)elbane and 2,4,6-tricWoro^1.3;5-{r!azine and 4-butyl- 
amfno-2,2.6,6.t9tfflmsthyIptperWlne (CAS Reg. No. [136504-96^1); condensaUon product of 
1,6-diamlnohexane and 2A6-ttlchk)to.1.3.5-triazIne and also N.N-dibutylamtne and 4-butyl- 
amIno-2,2.6,6-tetram6thylpIperidlne {CAS Reg. No. 1192268^4-7]); N.(2.2.6.6-tetramethyi- 
4.piperidyl).nKJodecylsuccinlmIde, N-(1.2.2,6.6-pentamethyl-4-plperldy!)-n- 
dodeoylsuocinlmlde, 2-undecyl-7.7.9,9-tetramethyl-1-oxa-3.8Kllaza^-oxo-spIroI4.51decan6, 
reaction product of 7,7,0,9-telramethyl-2-Gycloundecyl-i-oxa-3,8-diaza.4- 
oxosptK)I4.5Htecane and eptcWorohydrin. 1.1.bis{1.2,2.6.6-pentamathyl-4-piperidyl- 
oxycarbpnyl)-2.(4-methoxyphenyl)ethene. N.N'-bis-formyl-N.N'-bte(2.2.6.6-teiramethyl4- 
plperidyl)hexamethylenediamine, diester of 4-tn8thoxymethylenonialonIo add with 1,2.2,6.6- 
pentamethyM-hydroxypiperidine, poly[methylpropyl-3K»xy4-(2.2,6.6-tBiiamethyl-4- 
p|peridy))33lloxane, reaction praduct of mateic anhydride ewilefin copolymer and 2,2.6,6- 
tetramethyl^-amlnoplperidine or 1.2.2.e,e-pQntam9thyl-4.amInopip8rIdIne. 

9.7. n yaiinaclddlamldes . for example 4,4'-<lloclyloxy oxanlllde, 2,2'.dlBthoxy oxanillda, 2.2'- 
dioctyloxy-5.5'.di-tert-butyl oxanlllde, 2,2"-dldodacyIox]^.5'-dl-tert-butyi oxanlltde. 2-Bthoxy- 
2'-eihyl oxanilide, N,N'-bIs{3^iimethylamlnopropyl) oxalamlde, 2-ethoxy-5-{ert-bu»yt-2'-ethyl 
oxanllkia and a mixture thereof with 2-ettioxy-2'.efhyJ-5.4'-dl-tert-butyt oxanflWe, mfxturea of 
0- and p-mettioxy- and also of o- and p^lhoxy-dl-subsUtuted oxanOides. 

9.ft ?.f?.-Hvdroxvphnnvi^.l.3.S-triazlne5. for example 2A6-tts{2*ydn»(y-4-ootyloxyphenyt)- 
1.3.5.triazlne, 2-(2.hydit)xy^-octyloxyphenyi)4,6-bls(2,4-dlnnethylphenyl)-1.3,5-triazlne, 2- 
(2,4-dlhydroxyphenyl)4,6-bls(2,4-dlmethylphenyl)-1,3,5-iriazIn6, 2,4-bis{2-hydroxy4-propyl- 
oxyphenyl)-6-(2.4-dimethylphenyl)-1.3,5-triazIne. 2.(2.hydtoxy4-ocft^oxyphenyi)4,6-bts(4- 
methylpheny>)-1.3.6-triazlne, 2-(2.hydix)xy4^1odBoyioxypheny1)4,6.bl6(2,4-dtmethytphenyl). 
1.3.54rfazlne, 2-(2-hydroxy-4^ecyfoxyphenyl).4.6-bte(2^dimethyIphenyl)-1.3.6-triazin6, 
2-[2-hydroxy-4-{2-hydroxy-3-butytoxypropyIoxy)phenyl|4.6-bIs{2,4-dimethylphBnyl)-1,3,S-{rl- 
azine. 2-[2.hydroxy-4-{2-hydroxy.3-octyloxypropyloxy)piienyl]-4,6-bIs{2.4-dlmelhylphenyl)- 
1.3.5-tria2ine, 2-l4-{dodecytoxy/tndecyloxy-2-hydroxypropoxy)-2-hydroxyphenyl]-4.6-bis(2,4- 
dlmethylphenyl)-1.3,5-lriazine, 2.p!.hydroxy.4-(2-hydraxy.e-dodecyloxypropoxy)phenyl]-4,6- 
bls(2,4-dimathylph8nyl)-1.3.S-triadne, 2-{2-hydroxy4-heKyIoKy)phenyl-4.6-diphenyi-1.3.5- 
IriaElno. 2.{2-hydro«y4-methoJcypheny1H.6-diphenyH.3.5-trlazine. 2.4,6-trIs[2-hydroxy-4- 
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{3-butoxy-2-hydroxypropoxy)phenyl]-1.3.5-triffizlne, 2-(2-hydrOKyphenyl)-4-(4- 
msthoxyphenyl)-6-phenyl-1 ,3,5-trtazine, 2-{2-hydr(»ty-4-E3-(2-«tfiylhex3rf-1-oxy)-2- 
hydroKypropylojcy]phenylH.6-bIs(2,4-dlmelhi^phenyl)-1.3,5-W9zin9. 

a Metal dgacHvatots. for example N,N'-diphenytoxatio acid diamlde, N-salicylal-N'-satlcyloyt- 
hydrazJne, N,N'-bIs(salicyIoyl)hydfazln9, N,N'-bis(3.5-di-tert-butyl-4-hydroxyphenyfprDpfonyt)- 
hydrazine, 3-salicyloylanilno.1,2.4-trlazole, blsObenz^ldeneJoxallo acid dihydiazWs, 
oxanlllde, isophthalio acid dihydrazMe. sebaoloacid bis-phenyliiydrazide, N,N'-dlaoetyladIpic 
acid diliydrazldo, N.N'-bls-salioylQytoxa!lo acid dihydraztde, N.N'-blMaIi(?yIoylthloprtipIonic 
acid dliiydrazlde. 

4. PhosDhttas anri ntiosDhonltes. Q.g. trtphenyl phosplilte. diphenylaikyl plwspliltes, phenyl- 
dlalkyl pliosptiltes, Ws(nonylp1iQny!)pliosph!te, frilauryl phosphite, ttiooladeoyt phospliHs, 
distearyl-penlaerythritol diphosphfto. W3(2,4-dl-teTt-butylpiienyi)pliospiiHe, dRsodecylpenla- 
eiylhritol diphosphlie. bis(2,4KJi-tert-butylphcnyl)p9ntaGry{tirttoI dipliospiiite, bts{2,4-dl- 
cumylpiienyl^penlaerylhritoldlpliosphlte, bi8(2.e-dl-tert-butyl4-melhyip»ienyl)p9ntaeryth 
diphosphlte. bis-Isodeoyioxy-pentaeiythritol diphosphlte. bis(2.4-dl-tert-butyl-6- 
meliiylphenyDpsnfaGfythtitot diphosphits, b!s(2A6-1rMert-buiyIphenyi)pentaBiyliiriiol 
dIphospiiltG, tristearyi sorbitol triphosphtte, tetraIds(2,4-dl-tert-bulytphenyl)-4,4'-biphenylena 
diphosphonite, 6-isooctyloxy-2.4.8,10-tetra-tert-butyl-12H-dibenzo[d,g3-1.3,2-dioxapiiosp!io- 
olne, bis{2,4-di-tert-birtyi^-methylphenyl) methyiptiosphlte, bis(2.4-di-tert-bulyI-6-m9thyt- 
phenyi) elliylphosphlfe, 6^moro-2.4.8,10-tetra-tert-butyl-12-methyt-dibenzo[d,g]-1 ,3,2-dloxa- 
piiosptiocine, 2.a^2■•-nIl^iIolt^1elhyi-tris(3,3^5.5^tetta-tert-buty!4.1^bip^1enyt-2,2•-diyO^ 
phite], 2.6thyliiexyI-(3,3'.8,5'-tetta-tert-bulyt-1,1'-biph9nyl-2.2'-diyl) phosphite, 5-butyI-5-ethyl- 
2-{2,4.6-tri-terfcbutyIphenoxy)-1.3,2-dioxaptiosphIrane. 

R. Hurirflwlaminea. for example N.N-dibenzyihydroxylamine. N.N-dlethylhydroxyiamine, N,N- 
dioctylhydroxylamlne, N.N^I[auiyll5yd«)xylamIne. N.N-ditelradecylhydroxyiamIno, N.N- 
ditiexadecylhydroxylamlne. N,iv!-dlootadeoylhydroxylamine, N-hexadecyl-N-octadeoyl- 
hydroxylamlne, N-heptadecyl-N-octadecylhydroxylamine, N,N^itaH«ylhydnMcylamIne ftom 
hydrogenated tallow fatty amines. 

6. Ntfrones. for example N-beniyl-alptia-pheaylnitrone, tvl-ethi^-atpha-meaiylnitronei ISI-oclyl- 
alpha-heptytnlfrone. N-iaufyl-aipha-undecylnltrone. N-teiradecyl-alpha-tridecylnitronB, 
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N.hexad8i?yl-alpha-pentadecyln-rtrone. N-^cladecjrt-^Ipha-liepfadecylnitrone, N-hexadecyl- 
alpha-hepladecylnlUone, N-ootedecyl-alpha-penladecytnitrone, N-heptadecyl-alpha-hepta- 
deoylnifrone, N-odadecylnalpha-hexadeoylnitronQ, nlirones derived from N.N-dtalkyl- 
hydTOxylamlnas prepared from hydfogenated Mow faKy amines, 

7 •n.inavnemlstin romoDunds. for example thlodrproptomc add dllauryi ester or thto- 
dipropiontc acM dEsfeatyl aster. 

» PprnxldeKlestrnvlna compounds, for example esters of ^hlo^llpropionlo acid, for 
example ihe fauivl, slearyl, myris^ ortrldecyt ester, mercaptobenzimidazote. the zino salt of 
2-mensaptobenzimIdazole, dno drbuydlthlooaii>amate, dtoctadecyldlsUlflde. pentaetyUirltol 
te^kis(p-<iodecylmercaplo)proplonate. 

Q P^^ yamrdB stabillsere . for example copper salts in combinalton with Iodides and/or 
phosphorus compounds and salts of divalent manganese. 

in. Hasin cQ.stablllsera. for example melamine. polyvlnylpyfrolldone, dicyandlamlde, trialiyi 
cyanurate, urea derivatives, hydrazine derivatives, amines, polyamldes. polyurethanes, 
alkali metal and alkaline earth metal salts of Wgherfotty adds, for example calcium stearate, 
zIno stearate. magnesium behenate. magnesium stearate. sodium riclnoleate. potassium 
palmltafo, antimony pyrocatscholale orzino pyrocateoholate. 

■^1 M..ri«aHnn agents, for example inoiganic substances. B.g. talc, metal oxides, such as 
titanium dioxide or magnesium oxide, phosphates, carbonates or sulfates of preferably 
alkaline earth metals; organic compounds, such as mono- or poly-carboxyllc acids and their 
salts, e.g. 4-tert-butylbenzorc acid, adipic acid, diphonjrtacatio acid, sodium succinate or 
sodium benzoate; polymeric compounds, for example ionio copolymerisates nonomers"). 
Special preference is given to 1,3:2,4-faK3'.4'-<«methylbenzylldene)sorbitOl, 1,3:2,4- 
di(paramethyldlbenzylidene)sorbltol and 1,3:2,4-dl(benzylidene)sorbito(. 

1?. RllBTS and minforcTna agents, for example calcium carbonate, silicates, glass fibres, 
glass beads, talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black, 
graphite, wood powders, and powders and fibres of other natural products, synthetic fibres. 
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r examplB plasUdsers, luiaicants, emi^sIfleFS, pigments, rhaology 
additives, catalysts, How Improvers, optical twighteners. flame retardanls, aritistattcs. blowing 



id R^nrnfuranone^ »nd Imjolfnones. for example as described In U.S. 4 325 863; 
US 4338 244; U.S. 5 176 312, U.S. 5 216 052; U.S. 6 252 643; DE-A-4 316 611; 
DE-A-4 316 622; DE.A-4 316 876; EP-A-O 589 839 or EP-A^O 591 102. or 3-[4-(2- 
acetoxyethoxy)phenyll-5,7.dWert^utyl-benzoturan-2-onB, 5,7-dl-tert-butyl-3-[4-(2^slearoyl. 
oxyethoxy)phenyl]benzofiJrfln.2^n9,3,3'-bla|S.7^J!-teTtbulyl^-{4-[2-hydroxyethoxy]phBnyl)- 
benzoftjran.2.one]. 5,7.dt.teFt-butyM-(4-Bthoxyphenyl)i>Btizoftirar>-2-onB, 3-(4-aceloxy-3.5- 
d!methylphenyl)-5.7-dWert-butyl-b8nzoftiran-2-one, 3.(3.6-dlmelhyt-4.plvaloyloxy-phenyl>- 
5,7-dl-tert-butyl-benzoftiran-2-one. 3-(3,4-dlmethylpheriyl)^.7-dt-tert.butyl-benzoftjran-^ 
one,3-(2,3-dimethylplienyJ)-5,7-dI-lert-butyl-b0n2ofuran-2-onG. 

The coslabllbers are added, far example, in conoentraBons of 0.01 to 10%, relative to the 
total weigtit of the synttietio polymerto be stabilized. 

Preferred ftirther additives are phenolic anttoxidanfs, light-stablUzats, processing stabilizers, 
solvents, pigments, dyes, plaslidzere, pompatlblllzeis, toughening agents andtor thbiotroplc 
agents. 

in addition to the nano fillers other fillers may be used aa reinforcing agents (Item 12 in the 
list), for example talc, calcium carbonate, hydrofaioite. mka. kaolin, metal bydroxides, espe- 
cially aluminium tiydroxide or magnesium hydroxide. These are added to the synthetic poly- 
mers in concentrations, for example, of from 0.01 to 40 %, based on the overall weight of 
the synfliello polymers to be stabfllzed. 

Carbon black as filler is added to the synthetic polymers In concentrations, Judiciously, of 
from 0.01 to S %, based on the overall weight of the synthetic polymers to be stabilized, 

Glass fibers as reinforcing agents are added to the synthetic polymers in concentrations, 
judiciously, of from 0.01 to 20 %. based on the overall weight of the synthetic polymers to be 
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Further preferred composfUons comprise in addHton to components (a), (b) and (c) fUrfhsr 
additives as well, especially alkaline earth metal salts of higher fetty adds; for example cal- 
cium st 



As a conventional slabllber oomblnatlon for processing synUietio potymera, for example 
pdyoleflns, to form corresponding mouldings, the oombinaaon of a pfienolfc antioxidant with 
a seoondaiy anUoxidant based on an organic pliosphife or phosphonite Is recommended. 

Incoiporatlon of components (b) and (o) and, if desired, lurther additives into the synlhetio 
polymere is carried out by icnown methods, (or example before or during moulding or else by 
applying the dissolved or dlspereed compounds to the synthatio polymer, tf appropriate with 
subsequent slow evaporation of the soWent. 

The present Invention also relates to a nanocomposKe material In the torn of a maslerbalch 
or concentrate comprising component (a) in an amount of from S to 90%. component (b) in 
an amount of ftom 5 to 80%, and componsnt (o) in an amount of from 0.5 to 60% by weight. 

Components (b) and (o) and. tf desired, farther additives, can also be added before or 
during polymerisation or before crosslinlting. 

Components (b) and (o), with or without forther additives, can be incorporated In pure form 
or encapsulated in waxes, oils or polymers Info the syntheUo polymer. 

Components (b) and (c), with or without further additives, can also be sprayed onto the syn- 
thetic polymer. It Is able to dilute other additives (for example the conventional additives Indi- 
cated above) or their meHs so that they too can be sprayed together with these additives 
onto the polymer, Addition by spraying on during the deactivation of iiie poiymerizaHon cata- 
lysts Is particularly advantageous, It being possible to cany out spraying Using, for example, 
the steam used for deactivation. 



In the case of spherically polymerized poiyolefins it may, for example, be advantageous to 
apply components (b) and (c), with or without other additives, by spraying. 
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ThB synthette polymers prepared in this way can be emptoyed In a wide varieEy of forms, for 
fflcampte as fbams. films, fibres, tepss, moulding composlltons, as profiles or as binders for 
coating materials, especially powder coalings, adhesh/es. putties or especially as thick-layer 
poiyolefln mouldings which are in long-term contact with exiracttva media, such as. for 
example, pipes for liquids or gases. fOms, fibres, geomembranes. tapes, profiles or tani«. 

The prefer^d thlcWayer pdyolefln mouldings have a layer thickness of from 1 fo 50 mm. in 
particular from 1 to 30 mm, far example from 2 to 10 mm. ' 

The . compositions according to the InvenHon can be advantageously used for the 
preparation of various shaped articles. Examples are: 

H) Floating devices, marine applicaaons. pontoons, buoys, plastic lumber for decks, piers, 
boats, kayaks, oane, and beach reinforcements. 

1^) Automot^e applications, In particular bumpers, dashboards, battery, rear and front 
linings, moldlnas parts under the hood, hat shelf, trunk linings. Interior linings, air bag 
covers, eleclronio moldings for fittings (lights), panes for dashboards, headlamp glass, 
instrument panel, exterior linings, upholstery, automotive lights, head lights, parking lights, 
rear lights, stop lights. Interior and exterior tdms; door panels: gas tank; glazing front side; 
rear windows; seat backing, exterior panels, vrtre insulation, profile extrusion for sealing 
daddlng, pillar covers, chassis parts, exhaust systems, ftiel filter / filler, fiiel pumps fUel 
tank, body sWe mouldings. conveHlble tops, exterior minors, exterior trim, fasteners / flxlnge. 
fiont end module, glass, hinges, lock systems. luggage / reof racks, pressed/stamped parts, 
seals, side Impact protection, sound deadenar/ Insulator and sunroof. 

1-3) Road f raffle devices, in particular sign postings, posts for road mariUng. car accessories, 
warning triangles, medical cases, hornets, flres. 

W) Devices for pifflia. ralhvay. motor oar (car, motorbike) indudlng fiimishings. 

1-5) Devices fbr space applications. In partteular rockets and satelittes. e.g. reentry shields. 
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M) Devices fw archftedure and design, mining applloafions, aoousHo quietlzed sysfsnw. 
street refuges, and 8helter8. 

11-1) Appliances, cases and coverings In genera! and electric/elechonto devices {pereonal 
computer, telephone, porteble phone, printer, television-sets, audio and video devices), 
flower pots. satellKe TV bowl, and panel davlces. 

11-2) Jacketing for other materials such as steel or tflxtBss. 

11-3) Devices for the electronic Industry, in parUcuIar insulation for plugs, especially computer 
plugs, cases for elecirto and electronic parts, printed boatis, and materials for eioctronto 
data storage such as <A\\ps, checic cards or credit cards. 

li-4) Eiectrto appliances, In particutar washing machines, tumblers, ovens {microwave oven), 
dish-washers, mixers, and irons. 

11-5) Covers for lights (e.g. stroet-Iiahts, lamp-shades). 

li^) Applications in wire and catjJe (semi-tanductor, InsUIatlon and cabie-JackeUng). 

II- 7) Foils for condensers, refrigerators, heating devices, air conditioners, encapsuiatina of 
electronics, seml-conduotore. cofliBe machines, and vacuum cleaners. 

III- 1) Technical arttales such as cogwheel (gear), slide fifUngs. spacers, screws, bolis, 
handles, and knobs. 

III-2) Rotor blades, ventilators and wlndmlli vanes, solar devices, swimming pools, swimming 
pool covers, pool liners, pond liners, closets, wardrobes, dividing wails, slat wails, folding 
wails, roofs, shutters (e.g. mWei shutters), fittrngs, connections befc-veen pipes, sleeves, and 
conveyor belts. 

111-3) Sanitary articles, in particular shower cubicles, lavatory seats, covers, and sinks. 
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ii[-4) Hygienic arttdes. In partteular diapers (babies, adult InconBnenoe), feminine hygiene 
articles, shower curtains, brushes, mats, tubs, mobBe toflets, tooth brushes, and bed pans. 

111-5) Pipes (crass-linked or not) for water, waste v^afer and chemicals, pipes for wire and 
cable protection, pipes for gas, oil and sewage, guttetlng, down pipes, and drainage sy- 
stems. 

lli-6) Profiles of any geometry {window panes) and siding. 

i li-7) Glass substitutes, in particular extruded plates, glazing for buildings (monoitttiic, twin or 
mulUwall), aircraft, schools, extruded sheafs, window film for Mohltacturai glazing, train, 
transportation, sanitary artloles. and greenhouse. 

III- 8) Piates (walls, cutting board), extrusion-coating (photographic paper, fetrapacit and pipe 
coaling), silos, wood subsUfule, plasflo lumber, wood composites, walls, surtacss, furniture, 
decoraUve foil, floor coverings (Interior and exterior appilcaflons), flooring, duck boards, and 
tiles. 

111^) intake and outlet manifolds. 

JIl-10) Cement-, concrete-, oomposlte-appiicatlons and covers, siding and cladding, hand 
rails, banisters, kitchen worktops, roofing, roofing sheets, tiles, and tarpaulins. 

IV- 1) Plates (walls and cutting board), trays, arflfidal grass, astroturf, artmdal covering for 
stadium rings (athletics), artfflcl^ floor for stadium rings (athletics), and tapes. 

IV-2) Woven fabrics continuous and staple, fibers (carpets / hygienic articies / geotextlles / 
monofflamenls; fiilers; wipes / curtains (shades) / medical appllcaUons), bulk fibers 
(applications such as gown / protecUwi dothes), nets, ropes, cables, strings, cords, threads, 
safety seat-belts, tdoUies, undenArear, gloves; boots; mbber boots, Intimate apparel, 
garments, svrimwear. sportswear, umbrellas (parasol, sunshade), parachutes, paraglldes, 
sails, "batioon-slik', camping articles, tents, airbeds, eun beds, bulk bags, and bags. 
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lV-3) Membranes, Insulation, covers and seals for roofs, tunnels, dumps, ponds, dumps, 
walls roofing membranes, geomembranes, swimming pools, curtains (shades) / sun-shields, 
awntngs, canopies, wallpaper, food packing and wrapiMng (flejabie and solid), medical 
packaging (flodNs & solid), airbags/safeiy bsHs, em- and head rests, carpets, centre 
ctmsofe, dashboard, ciwkpHs, door, overhead console module, door trim, headllners, Interior 
lighting, interior mirrors, parcel shelf, rear luggage cover, seats; steering column, steering 
wheel, textiles, and tmnk trim, 

V) Rims (packaging, dump, laminating, a^culftire and hoitloilture, greenhouse, mulch, 
hjnnel, silage), bale wrap, swimming pools, wasls bags, wallpaper, stretch film, raffia, 
desalination film, batteries, and connectors. 

VI- 1) Food packing and wrapping (flexible and solid), bottles. 

\f1-2) Storage systems such as boxes (crates), luggage, rfiest, household boxes, pilots, 
shelves, tracks, screw boxes, packs, and cans. 

Vi-3) Cartridges, syringes, medical applicaHons, containers for any transportation, waste 
baskets and vraste bins, waste bags, bins, dust bins, bin liners, wheely bins, container in 
general, tanks for water / used water"/ chemistry / gas / oil / gasoline / diesel; tank liners, 
boxes, crates, battery cases, troughs, medical devices such as piston, ophthalmio 
applications, diagnosOc devices, and packing fbr pharmaoeuaoals bltefer. 

VII- 1) E>druslon coating (photo paper, tefrapack, pipe coating), household articles of any 
kind (e.g. appliances, thermos bottle / clothes hanger), fastening systems such as plugs, 
wir© and cable damps, zippers, closures, locks, and snap-dosures. 

VII-2) Support devices, artldes for the loisuia time such as sports and fitness devices, 
gymnastics mats, sKI-boots, Inline-skaffis, skis, big foot, athletio surfaces (e.g. tennis 
grounds); screw fops, fops and stoppers for bottles, and cans. 

Vll^) Furniture in general, foamed arildes (cushions, iirtpact absorbere), foams, sponges, 
dish dothes, mats, garden chaire, stadium seals, tables, couches, toys, building kits (boards 
/figures /balls), playhcxtsss, slides, and play vehides. 
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VIM) Wtatertals for optlcai and magneBo data stotaga. 
Vll-S) Kitchen ware (eaUng, drinking, cooking, storing), 

Vll-e) BoKfls for CD's, cassettes and vWao tapes; DVD aleotmnro artlctes. office supplies of 
any kind (balliiotnt pens, stamps and lnki>ads, mouse, shelves, tmcks), bottles of any 
volume and content (drinks, deteigents, cosmetics Including perftjmes), and adhesive tapes. 

Vll-7) Footwear (shoes / shoe-soies); Insoles, spats, adhasWes, stnictural adheslves. food 
boxes (ftuit, vegetables, meat, fish), syntheflo paper, labels for bottles, couches, artfflclal 
Joints (human), printing plates (flexographio), printed olrouit boaids, and display 
technologies. 

Vll-e) Devices of filled polymers (talc, chalk, china «Iay (kaolin), v/oiiastqnite. pigments, 
carbon black, TiOz, mica, nanooomposites, dolomite, silicates, glass, asbestos), 

Thus, a further embodiment of the present Invention relates to a shaped article, in particular 
a film, pipe, profile, bottle, tank or container, fiber containing a composition as described 
above. 

A further ombodlmant of the present invention relates to a molded article containing a com- 
position as described above. The molding Is in particular effected by Injection, blow, com- 
prsKlon. fX)fo-molding orelush-molding orexfnislon. 

The present Invention also relates to a process for the preparation of a synthetic polymer 
nanocomposite materia! which comprises meit mixing a mixture of a) a synthetic polymer, b) 
a filler, and o) a disperelng agent prepared by oonlrolled free radical polymerization (CFRP). 

The melt mbdng can be carried out in any heatebte container equipped with a stiner. for 
example in a closed apparatus such as a kneader. mixer or stirred vessel. The incorporation 
is preferably carried out In an extnjder or In a kneader. It is Immaterial whether processing 
takes place in an Inert atmosphere or in the presence of oxygen. 
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The addition of components (a), (b) and (c) can be oarrted out in all aistomary mixing ma- 
. chines In which the polymer is melted mixed with ttie additives. SuHaWe machines are 
known to «iose stdlled In ihe art. They are predomtnanUy mixers, kneaders and extniders. 
The process Is preferably cairtsd out in an extruder by introducing the additive during pro- 
cessing. Parllculariy preferred processing machines a© single-screv/ ejdruders, contraro- 
tating and corotating twin-screw extiuders, planoteiy-gaar ejrfrudMs, ring exlmdera or cok- 
neadem. it is also possible to use processing machines provided with at least on« gas re- 
moval compartment to which a vacuum can be applied. Suitable extruders and kneaders are 
described, for example, in Handbuch der Kunststoffextrusion, Vol. 1, Grundlagen, Editors F. 
Hansen. W. Knappe. H. Potenle, 1989. pp. 3-7, 18BN.-3-446-14339-4; and Vol, 2 
Extatstonsaniagen 1986. ISBN 3^-14329-7. For example, lha screw length is 1 -60 
sctev/ diameters, preferably 35 - 48 screw diameters. TTie rotational speed of the screw Is 
preferably 10 to 600 rotations per minute (rpm), for example 25 - 300 rpm. The maximum 
throughput is dependent on the screw diameter, the rotational speed and the driving force. 
The process of the present Invention can also be carried out at a level lower than maximum 
throughput by varying the parameters mentioned or employing weighing machines 
detlvertng dosage amounte. If a plurality of componente are added, these can be premtxed 
or added individually. 

Also of Interest Is a process for the preparation of a synthetic polymer nanocomposlte mate- 
rial, wherein the melt mMng of the componente (synthetic polymer, filler and dfepersing 
agent prepared by controlled free radical potymeiizatlon) occurs befeveen 120 and 280*C, 
preferably between 140 and 250''C, for example between 170 and aso'C. 

The present invention also relates to synthetic polymer nanooomposltes obtained by the 
above mentioned process. 

The preferred components (b) and (c). and optionally futher additives, In the process fortha 
preparation of a synthetic polymer nanocomposlte material are the same as those described 

for the composition. 

A preferred embodiment of the present invention Is also the use of a dispersing agent pre- 
pared by controlled free radical polymerl^tion to Intercalate and exfoliate a filler and dis- 
perse ttie filler In a synthetic polymer matrix to fom a nanocomposlte matsilaJ. 
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Ttie preferred dtepereing asent, filler and synlheHc polymer, and optionally further addiWves. 
for thia use are the same as those desCTil)ed for the composition. - 

The following examples Illustrate the invention flirther. Parts or percentages relate to weight. 

Examplal : Prepaatton of dispersing agents by controlled free radical polymerization. 

The preparation and characterization of bloi* or comb copolymers by controlled tree radical 
polymeiteafion Is disclosed fbr example in C. Auschra et al., Progress in Organia Coatings 
45, 83 - 93 (2002). Based on these prooadurea the following blodt copolymers are 
prepared with the properties dtsolosed in Table 1. 



Dispersing 

agent 
(Example) 


Block 1 


Block 1 
length^' 


Block 2 


Block 2 
length^ 






ia 




58 


PDMAEA°> 


16' 


7400 


1.44 


1b 


PBA^ 


m 


PDMAEA*' 


30 


11200 


1.55 


1c 


PBfvlA'' 


66 


PDMAEA*^ 


25 


n-d.** 


n.d.«J 



1 ) Average number of monomer units of the first block. 

2) Average number of monomer units of the second block, 

3) Molecular weight obtained firam 'HNMR integration. 

4) Polydisperaity of polymer obtained from GPC with THF as solvent. 

5) PBA Is poly{butyl acrylale). 

6) PDMAEA is poIy(dimethylaminosfhirt aaylate). 

7) PBMA is poIy{but5fl methacrylate). 

8) n.d. means "not determined". 



Ey^mple 2 : Preparation of polypropylene nanocomposltes In a batch mixsr based on 
unmodified sodium monbnorillonfte. 
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60 g of potypnopylene ^asel] KY 6100 (RTM)], 1$ blanded with 0.26 % cf trganox 1010 
{RTM} (pentaetythrltol t8trakte[3-(3,5-dt-4ert-butyl-4-hydroxyphenyl)proplonate]) and 0.25 % 
of Irgafos 168 {RTM) (tris(2,4-dRert-*utyIphenyl) phosphite), 5 % of a montmoriltonite ciay 
[Cloisite (Ns*) (RTM) obtained from Southern Clay Industries] and 2.5 % of a dispersing 
agent prepared by oontrolled free radical polymerisation {CFRP) according to Table 1 in a 
plasHc cup and then added to a batc^ mixer operating at 26 rpm and 180*'C, the mixiure Is 
then talcen to 50 rpm for 10 minutes. Small scale inJecUon moulding Is performed wlUi a 
CS-183 MWi IWinlmax mouldar. TTie mixing chamber Is preheated to 230°C and the mould 
is oven heated to 12Q'C for one hour prior to injection moulding. Approximately 5 g of the 
material is placed in the mixing chamber and heated for 4 to S minutes. A small shot Is 
talcen ibrm the C8-183 MWi MInlmax moulder prior to placbig the mould In position. Six 
tensile bars with the dimensions IBmmbySmmby 0.65 mmarepRxiuced1breachofffie5 
g material. 

Tensile testing is perlbrmed aowMidlng fo ASTM D 638 with a RheomeWcs mini material ten- 
sile fester [Minimat 2000 (RTM)] equipped with a 1000 N load ceil (40 mm/min). ITie resuite 
are summarized in Table 2. 
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Tab!e2: 



Example 


Dispersing agent 


d-OOItnA"'' 


Normalfeed 
Modulus of 
Elasticity'' 


Elongation 
at break (%)=■' 


23"' 


none (and no filler) 




1.00 


1.00 




None 


10 


1.12 


0.97 


2c'> 


Example 1a 


13 


1.32 


1.30 


ad"' 


Example lb 


13 


1.04 


1.26 


2e«« 


Example 1c 


n.(J.' 


n.d.' 


n-d.' 



a) Comparative Example. 

b) Example aocordlng fo the InvenSon, 

0) Inferlayer dtstanos determined by X-ray dlfffactlon. 

d) NomializBd modirfus of elastfclty relative to polypropi^ene prooeseed under similar 
conditions (» 1.0). 

e) Normalized elongation at break relaUva to polypropylene pfooessed under similar condi- 
tions (r l-O)- 

f) n.d. means "not deternr^ned'*. 

The X-ray dEftractfon (XRD} speotra show Vtiat all copolymers synthesized via CFRP accor- 
ding to Table 2 Intercalate the used day In the direct melt blending experiments in the batch 
mixer. This Is demonstrated by an increase in d-spadng of iixim 10 A {comparative Example 
2b} to 13 A (Examples 2o and 2d according to the invenflon). The elasticity modulus of 
samples is enhanced by 4 - 32 % with respect to polypropylene wlBiout dlsperelng agent 
and/or filler. SurfHlsIngly, the elongation at break is also enhanced by 26 - 30 %. 

Example 3 : Preparation of actyilc bIo(* or gradient copolymers by RAFT poIymerteaOon. 



a) Preparaflon of poly(butyl acryiato) (PBA). 
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A soIuHon 200 g (1.56 mol} of butyl acrylate, 21.3 g (O.0S6 mol) of S-dodecy] 8'>phenyleUiyl 
filthlocarbonate} and 915 mg (0.0(^6 md) of AIBN tn 2(M} m! of dry toluene Is degassed by 
purging vvKh ergon fbr 8 fiours, PolymeilzaQon Is carried out at 70 *C with stfnrli^ under 
argon for 20 hours (^H NMR: ccmver^n 95%; GPC: Mn 3700, Mw/Mn 1.16). 

b) PteparaBon of poly(buy acrylat9)^ock-poMPEGMEA) (PBA-b- PPE6MEA). 

A solution of 78.7 g (0.173 mol) of methyl {poIyethylenB glycol) monoacrylate (average 
DP=3.1) and SIS mg (0.0056 mol) of AIBN In 100 mi of diy toluene Is degassed by purging 
with argon for 3 hours. This soluGon is added to ihe above scHutlon [example 3a] by syringe. 
The mMurs Is stirred at 60"^ under argon for 22 hours. The solvent Is removed by evapora- 
tion under vacuum, (viscous yellow oU; NMR; total conversion ~1009&; GPC; Mn 4400, 
Mw/Mn 1.16). 

c) Preparation of poIy(butyI acrylate)-block-poly(DEQEEA) {PBA-b- PDEGEEA). 

A solution of 39.2 g (0.208 mol) of dl(elhylene glycol) ethyl ether acfylafs and 916 mg 
(0.0056 mol) of AIBN in 100 mi of dry toluene is degassed by purging with argon for 3 
hours, nils aoluflon was added to ttie above solution [Ei<ample 3a] by syringe. The mbdure 
is sSrred at eO'C under argon for 48 hours. The solvent Is removed by evaporation under 
vacuum, (vlsoous yellow oil; NMR: total omversion -100%; GPC: not available due to 
incomplete solubility In THF). 

d) Preparation of poly{MMA-grad- PEGMEA). 

A solution of 240.0 g (2.392 mof) of methyl melhacrylate, 60.0 g (0.132 mol) poly(ethylen9 
glycol) methyl ettier acrylale, 22,9 g (0.060 mol) of S-dodeoyI S'-phenylethyl 
trithlocartjonale) and iA7 g (0.0090 mol) of AIBN in 300 ml of dry toluene is degassed by 
purging with argon for 3 hours. The mlxfure Is stirred at 70*0 under agon for 48 hours. TTie 
polymer rs collected by precipitation info methanol, (yellow solid; NMR: total conversion 
-100%; GPC: Mn 7100, Mw/Mn 1.47). 

e) Preparation of poIy(MMA-grad- DEGEEA). 
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A solution of 240.0 g (2.392 mof) of methyl mottiaaylate. 60.0 g (0.319 mo)) d[{ettiylen8 
glycol) ethyl ether ecrytato, 22.8 g (0.060 mol) of S-dodecy] S'-phgnylethyl trithiocarbonate) 
and 985 mg (0.0060 mol) of AIBN In 300 ml of dry toluene Is degassed by purging with 
argon for 3 hours. The mixture Is sflrred at 7D»C under argon for 48 hours. The polymer is 
collected by precipitation into methanol, (viscous yellow oil; NIUIR: total conversion -89%; 
<3PC: Mn 6100, Mw/Mn 1.50}. 



Table 3: 



Dispersing 

agent 
(Example) 


Block 1 


Block 1 
length^' 


Block 2 


Block 2 
length^* 






3b 


PBA^ 


25.2 


PPEGMEA^^ 


2.8 


4400 


1.15 


3c 


PBA** 


28 


pdegeea'> 


3.1 


4600 




3d 


PMMA-giad-PEGMEA'' 


56.6 






7100 


1.47 


3e 


P^f^^A-grad-DEGEeA'' 


42.5 






5100 


1.50 



1) Average number of monomer units of the first l^ock. 

2) Average number of monomer units of the second block. 
3} Molecular weight obtained lirom *HNMR Integration. 

4) Pdydispersity of polymer obtained firom QPC with THF as solvent. 

5) PBA is poIy(butyl acrylate). 

6) PPEGMEA is pa!y(poIy(efhylGne glycol) methyl acrylate). 

7) PDEGEEA is poly(diefhylene glycol ethyl aciirtate). 

8) PMMA-grad-DEGEEA is poIy(fflethyl melhaciylate-grad-diethy!ene glycol ethyl acrylate) 
gradient copolymer (weight ratio MMA;DEGEEA4:1) 

9) PMMA-grad-PEGMEA Is poiy(methyl methacf^ate-grad-b}oly(ethylens glycol) methyl 
aciyiata)]} gradient copolymer (weight ratio lUIMA: PEGIUIEA 4:1) 

Example 4 : Preparation of polypropylene nanocompoaltes In a twin screw extruder. 

Processing Is carried out with a Japan Steel Worke 30 mm diameter twrfn screw ej^iider of 
UD ratio 42 (JSW TEK 80) that comprises ten temperature controlled barrel sedions each 
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wlth UO of 3.5, three unhealed sampling zones with L/D 1.167, and a cooled feed block 
wim UD 3.6. The Gcrew conflgurafion consists of a combination of mtKing, kneading and 
conveying elements famitia- to ttiose skilled In the ait Materials are&d into the extruder via 
a JSW TrF20 gravimetric feeder (Feed 1) and a K-Tron KQX gravimalrfc feeder {Feed 2). 
The JSW TEX 30 is operated in a co rotating (Intermeshing self wiping) mode with 
throughput of 10 kg/hr and a screw speed of 200 rpm. Vacuum venting is applied to the final 
barrel section. The extnidate is cooled In a wafer filled strand bath and pelfetlzsd. 

in a first step a 10 wt% clay masterbatch is prepared. Feed 1 comprises a dty blend of 
polypropylene pasell HP400N (RTM)] and a stabilizer which Is composed of 0.25 wt% of 
Irganox 1010 (RTM) (pentaerythrttoi tetrakisp-(3,5-dMert-butyI-4-hydroxyphenyt) propionate]) 
and 0.26 wt% of Irgafos 168 (RTM) (tfis(2,4-di-tert-buty!phenyl)phosphlle). Feed 2 
comprises a blend of the clay [Ciolslte (Na'^) (RTM) obtained from Southern Clay Induslrles] 
and the non-ionic surfactant in the raQo defined In Tabie 4. All barrel sections are heated to 
170°C. 

In the second step the masterbatch is let down to the required clay level (see Table 4) by 
blending the masterbatch (Feed 2) with further polypropylene plus stabilizer (Feed 1). The 
first barrel section Is healed at 1600C tite remaining barrel sedbns are heated at 200<^. 

Injection moulding of tiie extruded samples are prefonned with a Ginclnnetl i^ilacron VS55 
28 mm diameter Ir^ecVon moulding machine comprising four temperature controlled sections 
of L/D23/1 . The machine Is operated at a dan^ force of 50 tons and at a maximum injection 
pressure of 2005 bar. 

Tensile testing is perfomied according to ISO 521 using an lnstr(»i S500R materia tensile 
tester. Tensile properties (vs polypropylene) for nanocomposite prepared with a ratio of 
copolymer ; clay of 1:5 are summarized in Tables 4 and 5. 
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Table4: 



Example 


Amount of 
Cloisite 


Copolymer 


Tensile 
Strength 
(MPa)) 


Modulus 
of Elasticity 


Elongation at Break 
(%) 




none 


none 


26.3 


1470 


>800 




5% 


1% Example 3b 


26.9 


1560 


106 


4c« 


5% 


1% Example 3c 


26.a 


1540 


141 


4cl'" 


5% 


1% Example 3d 


26.3 


1530 


34 


4e''> 


B% 


1% Example 3e 


26.5 


1590 


31 


4f) 


5% 


1% Example la 


26.8 


1520 


180 


4g" 


5% 


1% Btampfe 1c 


26.6 


1510 


140 


Tables: 


Example 


Amount of 
Clolslto 


Copolymer 


Tensile 
SbBngth 
(MPa)) 


Modulus 
of Elasticity 
(MPa)'^ 


Elongation at Break 
{%) 


Sa"' 




none 


26.6 


1470 


>800 


6i>^> 


1% 


1% Example 1a 


25.5 


1626 


49 



a) Comparattve Example. 

b) Example aooording to fliB Invention. 



All examples of TatMe 4 demonstrate that the mechanical propertlea can l>e Improved com- 
pared to polypropylene by using copolymers (mpared by controlled radtcai pdymertzatlon 
according to the present Invention. 
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Whatisclatmedls : 

1. A oomposlflon comprising 

a) a syntheao polymer, 

b) a filler, and 

0) a dispersing agent prap^ by controlled free radical polymeil53atIon{CFRP). 

2. A composition according to dalm 1, whersin component (a) Is a potyoloHn. 

3. A composition according to claim 1 , wherein component (b) is a filler In nanoparticiss, 

4. A composition according to claim 1 , wherein component (b) is a natural or aynftalto 
ptiylloslltcats or a mixture of such piiyllosllicates. 

5. A composition according to claim 1, wiierein component (b) is a layered silicate clay, 

6. A composlHon according to claim 1, wiierein component (b) is a montmorillonlfe, bento- 
ntte, baldelite, mica, tieotorite. aaponito, nonfronlte, sauoonite, venmiculile, ledilclte, 
magadtts, {(myatfa, stevensite, volkonskotte, iiydralalcife or a mixture th^of. 

7. A composition according to claim 1, wtieratn component (o) Is a random, bloclt, star or 
comb copolymer prepared by controlled firee radical poljnnerlzafion. 

8. A composition according to claim 1, wiierein component (o) is a blocit or comb aciylio co- 
polymer prepared by controlled fIree radical pdymsrlzation. 

9. A composition according to claim 1, wiierein component (b) is present in an amount of 
from 0.1 to 40 %, based on tiie weight of component (a). 

10. A composition aocordhig to daim 1, wherein component (c) is present in an anount of 
from 0.1 to 20 %, based on the weight of compcment (a) 
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11. A oompostflon accorcflng to t^alnt 1, comprising in addition, besides components (a), (b) 
end (c), further additives. 

12. A composition according to dalm 11, comprising as further addiiives phenolic gntloxi- 
danfs, llght-^tablltzers, processing stabilizers, solvents, pigments, dyes, plastlclzers, 
compatibllEzers, touglienlng agents and/or thiKofropIc agents. 

13. A GomposWon according to claim 1 in the form of a masferbati^ or concentrate compri- 
sing component <a) In an amount of from S to 80 %, component (b) In an amount of from 5 
to 80 %, and component (c) in an amount of from 0.5 to 50 % by weight. 

14. A process for the preparation of a eyntheHo polym^ nanooomposite material which 
comprises melt mixing a mixture of a) a synthetic polymer, b) a flller, and o) a dispersing 
agent prepared by confiolled fires radical polymerteation (CFRP). 

1G. A process according to claim 14, wherein ihe melt mhdng occurs between 120 and 
290°C. 

16. A sjmfhetio polymer nanooomposite obtained by a process according to cialm 14 

17. Use of a dispersing agent prepared by controlled ftee radical pcdymerization to interca- 
iate and exfoliate a filler and disperse the flller In a synthotlo polymer matrix to fomn a nano- 
composlte material. 
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